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The Cart chuinneag area was studied with the view to 
dating the Moinian structures and metamorphism of northern Ross- 
shire, utilising the 530 m.y. radiometric age of the Cam Chuinneag 
granite. 
The Moinian of the Cart Chuirineag area shows the effects 
of four episodes of deformation, D 1-D. 	D formed the bedding 
ohistosity and a ubiquitous quartz grain alignment lineation. 
sidewaj- eastward and 
D2  produced medium scale and minor folds, and a wideapreadi(Upward-
facing schistosity. D3 produced local major folds and abundant 
crinkles, but did not form a widespread schistosity. D formed 
the largest fold in the Carn C2iuinneag area, and sporadic open minor 
folds, although neither a lineation nor a sohistosity resulted from 
this deformation. 
A low grade regional metamorphism synchronous with D] formed 
a dimensional preferred orientation of quartz and feldspar in 
psammitic rooks of the Moinian and resulted in the grain alignment 
lineation.  
The Cam chuinneag intrusion occurred after D1 in static 
conditions and distended the Moine country rocks. The intrusion 
consists of a granite pluton containing large irregular inclusions 
of amphibolite and has minor sheet-like apophyses extending into the 
country rock. 	It has been inferred from structure contours that 
the intrusion may have been a sheet-like pluton about L. kilometres 
thick. The intrusion was subsequently deformed by D 2 , D3 and D. 
formed the widespread (main) foliation in the granite, 
amphibolitea and the sheet-like apophyses. D 3 produced scarce 
narrow zones of foliation which cut the main foliation. The whole 
of the Carn Chuthneag Intrusion is slightly deformed by a major 
D syncline. 
In the granite aureole, which is 1-15 kilometres wide, relic 
hornfels micro-textures show that Hornblende Homnfela facies 
contact metamorphism developed andalualte and cordierite bearing 
assemblages. 
Prior to, during and after D2 the contact metamorphic 
assemblages were overprinted by Amphibolite fades 	meta- 
morphism. Zoned garnets grew during this metamorphism which 
affected the whole of the Carn Chuinneag area. Prior to, and 
during D2 the inner zones of gamete grew, and after D 2 the outer 
zones of gamete formed. 	Most of the kyanite, which is confined 
to the granite aureole, replaced andalusite after D2 . 	Static 
annealing of quartz and feldspar occurred after D2 and D3. The 
final metamorphic event was retrogressive and took place after D3 . 
The Ainphibolite fades 	regional metamorphism of the 
Carn Chuinneag intrusion is synchronous with that of the Molnian. 
The Moinian and Carn Chuinneag granite show B-tectonite 
micro-fabrics. 	It cannot be shown conclusively to which defor- 
mation the B-tectonite fabric relates, because D 1-D3 structures are 
often co-axial around the granite. 	The south-easterly plunging 
girdle fabric of the granite and large areas of the Moinian is 
symmetrically related to 	and is probably related to D2 and the 
post-I)2 static annealing reoryatallisation. 	The 'hornfels' 
fabric is random and this may indicate that the D 1 grain alignment 
has been obliterated in the granite aureole. 
The D1 and D2 structures persist westwards as far as the 
Moms Thrust at Assynt. 	D, and D2 structures probably affect the 
Cambro-Ordovician Durness Limestone, the top of which is known to 
be at least as young as the Arenig. 	This suggests that the 
intrusion of the Carn Chuinneag granite, and the deformations and 
metamorphism of the Moinian in northern Rosa-shire are post-Cambrian, 
and that the minimum age for the Cambro-Ordovician boundary! is  
530 + 10 m.y. 
Four Moinian stratigraphie sub-divisions occur between the 
Moine Thrust and the Cam Chuinneag granite. In order of upward 
younging they are: the Lower Psaninite, Lower Polite, Upper 
Psammite and Upper Polite. 	They correlate with the Morar Division 
of western Inverness-shire and southern/central Ross-shire and 
attain a thickness of about 16 kilometres. The four sub-divisions 
are the thickest 'stratigraphic unit' of Moms rooks so far 
discovered in the Scottish Highlands. 
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1. INTRODUCTION 
The Cam Chuinneag granite 13 an intrusion in the Moms 
rooks of the Northern Highlands of Scotland. Although many 
writers have discussed the metamorphic history of the Carn 
Chuinneag area, especially the fact that regional nietarriorphiam 
has overprinted contact metamorphism (de Lapparent, 1935; Harker, 
1939; Tilley, 1935; Harker (R.I.) 1954b) a complete study of the 
structural geology of the granite has not been published. The 
only existing structural study is that by Haugh (unpubi. Ph.D. 
thesis) on the south-eastern part of the granite aureole. 
Peach at al. (1912) concluded that the intrusion was 
entirely pre-tectonic in relation to the orogenic deformation of 
the Molnian. 	Clearly it is important to test this conclusion in 
view of the radiometric age of 530 ± 10 tii.y. determined for the 
Cam Chuinneag granite by Long and Lambert (1963) and Long (1964). 
The author has mapped the structures over an area or 220 square 
kilometres of Moinlan around the Carn Chuinneag granite. Also the 
structures in the greater part of the granite have been studied. 
As a result it is possible to discuss the structural history of the 
region and to date the intrusion of the Carn Chuinneag granite in 
terms of this history. 	In addition the structures have been used 
to study the metamorphic history of the Molnian and the granite. 
The Carn Chuinneag area is situated in the northern part 
of Easter Ross (Fig. 1). 	The highest points are the summit of 
Cam Ban ridge (637 metres or 2762 feet O.D.) and the peak of Cam 
Chuinneag (833 metres or 2749 feet O.D.). 	Topographically the area 
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may be divided along the line of Glenoalvie into an undulating 
eastern area sloping down to the Kyle of Sutherland, and a higher 
western area comprising north-east - south-west trending steep-
sided glens and intervening high narrow ridges (607-789 metres 
or 2 9 000-2,600 feet 0.D.). 	The rivers flow north-eastwards and 
eastwards into the River Carron, which meets che Kyle of Sutherland 
at Bonar Bridge. 
Some parts of the Carn Chuinnoag granite are well exposed, 
particularly to the north of Carn Salochaidh and on Cnoc nan Sac, 
but the eastern margin and aureole are poorly exposed. 	In the 
higher western area (Glencalvie and Freevater Forests) exposure is 
good in the rivers and on the high crags especially in Glen Alladale, 
Gleann Beag, Coire Mom and Coire na Glasa. The summits of high 
ridges are usually without rock outcrop. 
Access to the area from the south is via the A9 trunk road 
from Inverness, the A836 from Evanton to Ardgay, and west on the 
unclassified road up Strathcarron. 	In the area private estate roads 
give access to Glenoalvie, Glen Alladale, and Gleann Nor. From 
Garve the western part of the area is reached via the A835 trunk road 
to Black Bridge, and by private estate road up Strath Vaioh into 
Gleann Beag. 
The fieldwork was carried out during three separate field 
seasons: the summer of 1967; the springs and early summers of 
1968 and 1969. The author spent eleven months in the field area, 
surveyed in detail 260 square kilometres, and reconnaissance mapped 
a further 80 square kilometres in Rhidorroch Forest, the eastern 
3 
slopes of Beinn Dearg (1,074 metres or 3,547 feet 0.D.), Tollomuick 
Forest and Inchbae Forest (Beinn a' Chasteill, Carn Loch nan 
Ambalohean). 
The following Ordnance Survey maps, including 6" new 
edition issues which became available during 1968 and 1969, were 
used: - 
1" sheet 21 - Bonar Bridge; 
1" sheet 20 - Ullapool. 
6" sheets (new edition with contours); and 6" old 
edition sheets, 
NH 48 NE, NH 36 NE, 25, 
NH 48 NW, NH 38 SE, 26 9 
NH 38 NW, NH 38 SW. 38, 
39. 
In the course of the petrographic work on the micro-textures 
and determination of the mineral assemblages 380 thin sections were 
studied. 	The thin sections were out from oriented hand specimens. 
Stereograms are included only ii?rxere the relevant structural 
information cannot be seen from the maps(I, 11, IV in the back 
pocket), and to illustrate the solution of special problems connected 
with dating the granite intrusion. 
It may be mentioned thitthe present area lies to the north 
of the part of the Moinian where the most intensive structural 
work has been carried out. Haugh's (1964) work already referred to 
on the south-eastern margin and aureole of the Cam Chuinneag 
granite around Kildermorie Lodge is the nearest area of study to 
L1. 
that of the present author's. 	Three other studies in neigh- 
bouring areas have also been carried out: Sutton's and Watson's 
(1954) structural work In the Fannich Forest (20 kins away); 
Clifford's (1960) structural study around Loch Luichart (25 Itnia 
away); Soper's (1963) study of the structure of the Rogart 
Igneous Complex, Sutherland (24 kme away). 
The structure and metamorphism of the Moine rocks is 
dealt with in Chapters 2 and 3 and the structure and metamorphism 
of the granite is dealt with in Chapter Li.. 
The Moinlan atratigraphy Is described in detail in 
Chapter 5. The Moinlan succession comprises four main parts 
which are designated in order of upward younging as follows:-
Li.. Upper Pelite. 
3. Upper Psammite. 
2. Lower Polite. 
1. Lower Psainmite. 
The four parts are shown in relation to the Caz'n Chuinneag 
intrusion in Fig. LA. 
SYNOPSIS OF THE MAIN EVEN PS OF THE CARE CH U INNEAG AREA 
Igneous events 	Structural 	Styles of structures 	Metamorphic events 	Mineral development 
Events 
I Close/open major folds, 
I 	some minor folds. N.W.- 
D 	 S.E. axial traces. 4 Northerly dipping axial 
I surfaces 





I Major folds, widespread 
I 	crinkles, scarce 
D 	 schistosity. N.N.E.-.S.W. 
3 f axial traces. Westerly 
dipping axial surfaces 
Medium and minor reclined 
folds. Widespread 321 
D, 	 N-S and N.W.-S.E, axial 
traces, south and south-









Garnet (outer zones), 
kyanite, staurolite, 
hornblende, zoisite, 
biotite, muscovite, quartz 
feldspar 
Garnet (inner zones), 
? kyanite, biotite, muscovite, 
quartz, feldspar. 
Intrusion of Cam 
Chuinneag granite 	
Medium and minor tight and and diorites 	
teoclins]. folds with N-S 
axial traces and vertical 
axial surfaces. Medium and 
Di 
	
	 inor isoclinal folds with 
c.N.E.-s.S.W, axial traces 
wi th southerly dipping axial 
surfaces. Bedding achistosity 
;lfl(1 	 r"rdn Pfl.Ffl€flt 
Contact metamorphism------Andalusite, cordierite, 
Hornblende Hornfels 	biotite, muscovite, quartz, 
fades 	 feldspar 
Low grade regional 	Dimensional preferred 
metamorphism 	 - orientation of quartz, 
feldspar, ? biotite, 
? muscovite 
FIG 1.4. GEOLOGICAL OUTLINE MAP OF THE CARN CHUINNEAG INTRUSION AND SURROUNDING MOINIAN 
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2. STRUCTURAL HISTORY OF THE iIOflE ROCKS 
i'he urpose of t1is chater ts firstly, to domungtra;e by 
describing crucial outcrops the four deformations (D 1-D1) that 
me oine rocks of the Carn Chuirineag area, and 
3cJ - =:rLc2ty 	Jesribe the distribution, styles and geometries of 
thc s'rLo'es ãevelopec in tthe defrria;ions. 
'he block diagram(fig. 2) illustrates soEema'clly the 
large scale structural elements of the area surveyed, around and 
specially to the north-west of, the Carn Chuinneag granite. 	The 
four sets of structures are described below in sequence from D to 
D. All the deformations generated folds; D 1 , D2 and D3 generated 
axial surface schistosity 	2' 83 ) and lineations. 	D1, D2 and.10 
minor structures mutually interfere. 	D minor structures inter- 
fere only with D1 . 
The field and microscopic procedure for recognising the 
sets of structures in various parts of the area is as follows:- 
determination of the surface(s) which a fold has folded 
i.e. whether it has folded bedding (hereafter referred to as 
and/or n, s. 	The microscopic study of the relationships of mica 
growth and folding using oriented thin sections out from fold cores 
serves to check if mica schitoslty (los) has been folded or if mica 
sohistosity is later than a particular get of folds. 
determination of the style of folding, and whether or not 
an axial surface echlstoaity is developed E3' S2' 53 ). 
determination of the type of axial lineation(s) e.g. a grain 
alignment, a mineral growth, a crinkle or an intersection of 
surfaces. 
FIG. 2 IDEALISED 3-0IMENSIONAL REPRESENTATION OF THE 





The trends of lineations in the Northern Highlands were 
measured by Phillips (1937, P. 594, Pig. 5). 	From the Moine Thrust 
belt eastwards across about 30 kilometres of country the lineations 
change their trend from E-W to N-S or NW-SE. 	Further mapping is 
needed on the Moinian of Sutherland to show why the change takes 
place across the Northern Highlands. The trends of D, and 
linear structures in the Carn Chuinneag area (Fig. 6) confirms 
this change in trend, and suggests that the linet ions measured 
by Phillips (op.oit.) are due to D i and D2 0 
The trend maps (Figs. 6 and 11) Illustrate the remarkable 
consistency in the direction of the axes of D i - D3 linear struc-
tures outside the hinge area of the major D syncline in Freevater 
Forest. 
2.A. 	The interference of structures in the Carn Chuinneag area 
2.A.l. The interference of D, and D2 structures 
In the steep banks of Abhuinn a' Ohoire Bhuig (NH 565865) 
interbedded pelitea and psammites are tightly folded by southerly 
plunging D1 upright minor folds with vertical axial surfaces. 
The bedding schistosity (hereafter referred to as 	which is 
developed throughout the pelitea is S1 of isoclinal D 1 minor folds. 
At the isoclinal fold cores folded S, is crossed by the vertical S. 
Owing to the lack of mica in the psammites tight D 1 minor folds 
have a weaker S Which outs the folded S o throughout the folds. 
The D, minor folds are congruous to medium scale D 1 tight folds, 
and parallel to their axes is a strongly developed quartz grain 
alignment lineation. 
On the D,1 minor fold limbs Si l is refolded by D2 minor 
reclined folds which are co-axial with D1. 	2 crosses the 
fold limbs (see also at Creag na Ceapaich, Fig. 3). 
Sixteen kilometres west north-west of Coire Bog at the 
foot of Carn Alladale (NH 410590)9 D 1 and a-, iinor folds mutually 
interfere (Fig. 3). 	Here there are no medium scale D1 folds and 
the massively bedded psrniitiites dip southwards. 	In a Di recumbent 
isoclinal fold 31 is exactly coincident with S 1 1 on the fold 
limbs, but is at a high angle to folded S which is without a 
sohiatosity in the fold core. 	Parallel to the fold axis,the 
quartz grain alignment lineation is intensely developed. The limbs 
of the D1 minor fold have been refolded by almost co-axial D minor 
reclined folds, their S2  dipping more steeply than S1 t . 
In the west of the area on the crags above Loch a' Choire 
oir (NH 315887) inclined plunging D2 minor folds have folded the 
D1 quartz grain alignment lineation in the psammitic schists (Fig. 
10). S2 crosses the folded Sl 
2.A.2. The interference of D1 , D2 and D. structures 
Outcrops of Upper Polite at the eastern end of the ridge 
north of Carn Salochaid.h (NH 519890) reveal the effects of three 
episodes of deformation (Fig. 3). 	Westerly plunging minor 
isoclinal folds show Si which is S l'  on their limbs, but is at a high 
angle to the folded S  at their cores. 	Co-axial D2 inclined 
plunging minor folds have refolded the D fold limbs and show S2 
(I  
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strongly developed. 	S2  dips southwards in the same direction as, 
but more steeply than, S i '. 	Thin quartz veins (3nns - 1 cm thick) 
traversing the polite have been formed into rods parallel to the 
hinge lines of the D2 folds. 	1)3 upright plunging crinkles fold 
the two earlier structures, S' and S 2 0 There is no sohistosity 
parallel to the axial surfaces of the D crinkles which dip steeply 
westwards. 
Lower Polite cropping out across the summit of Creag Ghlas 
(Nil 45O88O) shows D2and D  minor folds. Many exposures exhibit 
D2 s-shaped reclined folds which fold Si '. In the polite thin 
quartz-rich bands, about 2 mine thick, are formed locally into rods 
parallel to the fold hinge lines, and the D2 folds show S2 which is 
strongly developed and dips more steeply than si t. 
	D3 crinkles 
commonly refold S' and S2 and plunge at angles between 300  and 600 
south south-westwards. 	Their axial surfaces are either vertical 
or dip steeply westwards, but there is no associated SchiBtosity 
present. 	The occurrence of large numbers of crinkles is explained 
by their position on the eastern limb of the major D  anticline of 
Glenoalvie Forest (of. 2.B.3.1.) which has folded the earlier D 
quartz grain alignment lineation and 2  (see Fig. 4). 
2.A. 3. The D, , folds in relation to D D and D3 structures 
The D ninor folds are sporadic and are nowhere seen to 
deform earlier minor folds. 	Only one D minor fold is seen to 
deform an earlier lineation. 	This is an open disharmonic, fold on 
Cnoc nan Sac (ffi 490887) that has deformed the D quartz grain 
alignment lineation. However, there is micro-textural evidence 
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that D folds are the latest folds in the sequence (of. 3.5.3.) 
The major D1 synoline of Freevater Forest has folded the 
- 	structures. 	These include the D, quartz grain alignment 
lineation, 1)2  fold axes and D3 crinkle axes. 	Si' and s2 are both 
folded from an approximately E-W strike direction to a NNE-SSW 
strike direction (see maps I, II, and trend maps Figs. 6 and 11). 
The change in trend of linear structures mentioned above, (of. 2) 
which occurs 	 in northern Ross-shire, might be explained 
by D major folding. 
2.B. 	The styles, distribution and geometries of structures in 
the Cern Chuinneag area 
2.13.1. The i  folds, Si' and quartz grain ali gnment lineation 
Medium-scale tight upright plunging D1 folds occur north-
east of the Carn Chuinneag granite (maps I. II)o 	"heir geometry 
has been worked out using congruous minor D1 folds (Fig. 9). 	In 
this area on Cone Chreag nan Clach (NH 575890) and Cona Chreag 
(NH 570885) well exposed Upper Psaninilte dips at very steep angles 
eastwards or westwards. 	Current bedding is scarce, but at some 
outcrops the younging direction changes across the strike at 
Intervals of 50 - 100 ems. 	In places the hinges of D tight minor 
folds can be seen (Plate II), with a strongly developed quartz 
grain alignment lineation oriented parallel to the fold axes. On 
Cona Chreag (NH 570885) the quartz grain alignment lineation is so 
intensely developed that it becomes difficult to observe the 
folded S. 
see Appendix 1. 
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For about six-hundred metres below the waterfall in 
Garbh Alit (map V, NH 41880)  the Upper Pelite is inverted, as 
detected by reliable current bedding. 	There is no change in the 
approximate southerly dip of the pelitea, and yet immediately above 
the waterfall current bedding shows the peiltes to be right way up. 
The attitude and 'way up' evidence of the pelites indicates the 
existence of a medium scale isoclinal fold with an axial trace 
trending W.S.W.-E.N.E. 	The trace must outcrop below the waterfall 
pool (map V). 	The plunge of the axis of the medium scale D, fold 
is not seen, and no minor D 1 folds occur. 	S2 cuts the limbs of 
the D, fold. 
The field and microscopic evidence suggests that the D i 
folds are the earliest folds developed in the Carn Chuinneag area, 
for the following reasons: 
in isoclinal D1 folds micas are aligned in S, and none are 
aligned along S0 (Plate V). 
the isoclinal D, minor folds show S, which is coincident 
with Si ' on their limbs at widely separated localities: for example, 
in Gleann Nor (NH 429883), at Cern Alladale (NH 410890) and in 
Abhuinn all OhoireBhuig (NH 565865). 
No other folds than D 1 have been found to ante-date the 
folds of the area. 
Li.. 	In the psamxriites tight Djblds show some micas (in thin 
section) aligned along S ( but most are aligned parallel to S. 
All the micas show the genie habit and are annealed and straight. 
This mica growth may have been caused by the regional metamorphism 
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prior to, and after D 2 , but post-dating D1 . 
It would be unwise to state categorically that D.1 folds 
in the Caxi Chuinneag area are regional first folds. Nevertheless, 
they are the earliest folds found in the area. 	As noted above 
(of. 2.A.1.) the bedding schistosity forms S, of minor D 1 isoclinal 
folds, and thus it is believed to represent the earliest tectonic 
surface developed. 
The quartz grain alignment lineation is ubiquitous in the 
psanunitic rocks of the whole Carn Chuinneag area and is absent from 
the Upper Pelite. 	Fach quartz and feldspar grain has been 
flattened Into a cake-like shape (iossack, 1368) and elongated by 
a variable amount. 	In the upper part of the Upper Psammite, as 
seen for example near Greenyarda Farm (NH 547912) and in Glenoalvie 
(NH 471372), quartz and feldspar grains are quite often 2-3 mme 
long. 	When seen in plan view on the surfaces of 	these grains 
are frequently 2-3 mine diameter and are aligned with their longer 
dimensions in Si '. 	the quartz and feldspar grains are always most 
elongated (rodded) where D folds occur, as in the area of medium 
scale D1 folds north-east of the granite. The rods range in length 
from 1'0-50 mine, and their cross-sectional diameter is 05-10 mm. 
Because of annealing recrystallisation after D 2 It is impossible to 
determine if the quartz and feldspar pebbles deformed and the matrix 
remained undefommed. 
In the area to the west of Gleann Nor (NH 400880) finer 
grained Upper Psammite comprises small quartz and feldspar grains 
which are flattened and rodded, and are aligned in S1 '. The rodded 
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grains are usually between 05 and 10 mm longest dimension. 
Because D2 minor folds are usually co-axial with D, minor 
folds around the Carn Chuinnoag granite (Fig. 6) a D2 minor fold 
has not been found to deform the quartz grain alignment lineation 
oloseby the granite. 	The quartz grain alignment lineation Is 
probably due to Di for the following reasons:- 
the cake-like and rod-like shapes of quartz and feldspar 
grains are always aligned along S1 ', and not along S2 . 
the quartz grain alignment lineation is most intensely 
developed when oriented parallel to D i fold axes (Plate II). 
(a) above Loch a' choire ?Ihoir (Freevater Forest) (NH 315887) 
inclined plunging D2 minor folds deform the quartz grain alignment 
lineation (Fig. 10). 
The alignment of deformed pebbles parallel to fold hinge 
lines has recently been discussed by Ramsey (1967, 5.8. p. 216). 
He states three possibilities (p. 220):- 
that pebbles elongated parallel to fold hinge lines might be 
explained if the principal extensive finite strain is parallel to 
fold hinge line4 so that the pebbles behave as strain ellipsoids; 
that lamellar movement within rooks could roll pebbles during 
folding, and in consequence the pebbles would not give the correct 
shape or orientation of the strain ellipsoid; 
that if pebbles in a sediment, prior to deformation, were in a 
preferred orientation, special alignment of pebbles could occur 
during folding. 	Ramsay (1967, p. 220, Fig. 5.43.) considers a 
sediment which contains pebbles oriented with their shortest dimension 
lL. 
perpendicular to the bedding planes. 	In a fold (Fig. 5.43B) the 
effect of deforming these pebbles with maximum strain in the 
direction of the fold axial surface results in the longest axes of 
the pebbles aligned parallel to the fold hinge line. 
The D, grain alignment lineation which is parallel to Dl 
fold hinge lines in the psammitic rocks of the Carn Chuinneag 
area may have been formed by one of the theoretical mechanisms 
stated above. 	$n explanation may be found by future experimental 
investigation. 
2.B.2. 	Structures 
The characteristic of D2 structures is their constancy of 
style across thirty kilometres of country (Fig. 8). 	Usually the 
folds are reclined and plunge south or south south-eastwards, but 
P 	 In -vter and Rhidorrooh Forests are inclined plunging. 
inclined plunging 
wull marked 	which dips more steeply than Si ', 
and because the Moinian is usually 'right way UI:' (Garbh Alit 
excepting, map V 3 NH 49288O) s2  is upward facing. 	here D and D2 
minor folds occur they are often co-axial or almost so (Fig. 6). 
2.B.2.1. Medium scale D2 folds 
Medium scale D 	 folds occur only on Onoc nan Sac (map V, 
NH 490880). 	The position of their axial traces was mapped by the 
occurrence in semi-pelites of two N.W-3.E. trending belts of 
vertical bedding schistosity 	which is crossed at right 
angles by south-easterly dipping intensely developed S 2 . 	N-shaped 
south-easterly plunging fold mullions occur (Wilson, 1 953; and 
see Appendix 2 . 
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Plate III) at Cnoo nan Sac. 	On their western limbs Z-shaped minor 
reclined folds are numerous, but because of patchy outcrop congruous 
s-shaped folds have not been mapped on their eastern limbs. 
2,B.2.2. D, minor folds, intersection and mineral lineations, and 
In the paragraphs which follow, ulie (ifferent structures 
that are assigned to D2 , are described at widely separate localities. 
Firstly, the procedure for recognising D2 minor-- folds over such a 
wide area surveyed is briefly outlined below:- 
the fold style is recorded, which as noted above (2.B.2.) 
is remarkably consistent. 	D2 folds are either reclined or less 
frequently inclined plunging; 
the observation of the consistent style of the axial 
surface echistoalty developed in reclined and inclined plunging 
folds. 	Always 3 2 dips more steeply than the 
over wide areas D3 crinkles are seen to deform the D 2 axial 
surface schistosity, for example: in Gleann Beag (NH 318839, 
NH 355839); on Carn Ailadale (NH 457901); and the ridge north of 
Carn Saioobaidh (NH 519890). 	The general sequence of minor fold 
interference Is consistent throughout the whole area (of. 2A.). 
In Alit Dounie (NH 560890) perfect fold mullions occur which 
fold S1 1 of the Upper Peammite (Wilson, 1953)(Fig. 8). Parallel to 
their axial surfaces there is an intensely developed S 2 comprising 
an alignment of micas. 	Exactly parallel to the mullion hinge lines 
is the D1 quartz grain alignment lineation which affects all the 
psammite exposed in the stream, and Is much more common than the 
mullions. 
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Below the summit of Cnoo nan Sac (NH 492888) and on 
Mullch Creag Riaraidh (NH 465850) Upper Pelite ('hornfelses') 
contains dark coloured pseudomorpha after andalusite and/or 
cordierite (of. 3.7.3.). 	In cross section the pseudomorphs are 
ellipsoidal in shape and 10-20 mms long, being flattened and 
aligned in S 2  (Plate XVII). The pseudoniorpha are composed of 
biotite, shimmer muscovite and garnet. 	The unstrained and straight 
biotite and shimmer muscovite are aligned in S2 . 
In the Moine rocks to the west of Glenoalvie D 2 structures 
occur in semi-pelites and pelites. 	S2  In Glenoalvie Forest has 
been folded by the D major anticline (map II and Fig. 12). Around 
the shores of Lochain sgeireich (NH 390840) and on Creag Ruadh in 
Gleann Nor (NH 415870), thin politic bands (8-10 ems thick) are 
crossed by well developed S2  which Is formed by a pronounced align- 
ment of biotite. 	The intersection of biotite lying along S' and 
that lying along S 2  forms a D2 intersection lineation (map II). 
The D2 intersection lineation is confined to the pelite bands, and 
the D1 grain alignment lineation is the only lineation in the 
adjacent psammitee. 
In the lowest part of the Upper Psammite, which is semi-
politic near the head of Gleann Beag (NH 310830), and in the Lower 
Polite, some D2 minor folds are Inclined plunging (Fig. 10). 	S2 is 
well developed and marked by bands rich in mica or quartz, 05-10 
mm thick, formed by metamorphic differentiation. 	The metamorphic 
differentiation has resulted in the destruction of Si t. 	The same 
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distinctive S2 also occurs in the crags of Coire Mor (NH 323861) 
where bands rich in mica and quartz attain an impressive thickness 
of 2-3 trims. 
North north-west of the outlet of Poll Lochan (NH 329887) 
reclined minor D2 folds deform Lower Pelite containing caic-
silicate bands about 10 ems thick. 	32 is developed parallel to 
the D2 fold axial surfaces, and in the caic-silicate bands some 
acioular hornblende crystals (5-6 mine long) are aligned parallel 
to the fold hinge lines. 	The bornblende forms a D2 mineral 
lineation, although in the same caic-silicate bands some of the 
hornblende crystals are random and presumably grew after D 2 (Fig. 10). 
Throughout the western parts of the Carn Chuinneag area 
minor folds show (3)-shapes and are overturned south-westwards. 
Reconnaissance mapping on Beinn Dearg (NH 260810) south of Gleann 
Beag showed numerous (3)-shaped D2 reclined minor folds which 
fold Si ' of the Moinian. 
2.B.3. 	D3 structures (Figs. 11 9 	12) 
D3 structures differ from the two earlier sets of structures 
in the absence of a widespread achistosity. 	Minor D 3 structures 
are mainly crinkles of S1 2 and S2  (Fig. 13). 	Where crinkles are 
well developed as on Creag Ghlas (Nil 456887) a distinctive lineation 
occurs, caused by the hinge lines of crinkles of the S1 ' and 32 
surfaces. 
Two major D folds occur in Glenoalvie Forest, and there is 
a localised occurrence of D monoclines in the Upper Pelite. 
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2.13.3.1. 1)3 major folds 
The Lower Polite of Glenoalvie Forest is folded by a 
plunging asymmetrical D 3 anticline (map II, and Figs. 4, 10. It 
folds the D grain alignment lineation and S, and is an anticline 
because reliable current bedding (map III) shows the Moinian to 
be 'right way up'. 	On both its limbs there are abundant congruous 
D3 crinkles and minor folds. 	Plots of their axes on the stereonet 
show that they cluster about the rr-pole axis of the anticline which 
plunges south south-west (Fig. Lj.). 	The difference between the 
directions of plunge of the D1 quartz grain alignment lineation 
and the D3 major anticline is only about 250, 80 that the lineation 
is not greatly deflected from its usual N-S trend (Fig. 14). 
The complementary D  syncline occurs in the Upper Psammite 
on Creag Ruadh in Gleann Mor (NH 140860). Its effect on the strike 
of S 1 1 and 32 is small, and has induced a swing of only about thirty 
degrees. 
2.13.3.2. D .; crinkles, monoclines and S3 
D  crinkles are widespread and important in establishing 
the sequence of minor structures (of. 2.A.2.). 	Phey are upright 
plunging or inclined plunging according to vkAether their axial 
surfaces are vertical or steeply di)ping (Fleuty, 1964) (Fig. 13). 
Usually they are confined to semi-pelitea and pelitea, but occasionally 
they deform psammites, as on Creagan Soilleur (NH 463889). 	Often 
the crinkle hinge lines define a lineation in pelites. 
has also developed rnonoclinal folds locally in semi- 
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pelite. 	In Abhuinn a' Choirs Bhuig (NH 567863) a —F-shaped 
monocline with easterly dipping axial surface has congruous crinkles 
on its limbs. The Upper Polite on Cnoc nan Sac is folded into 
monoolines where it is semi-pelitic and into crinkles where it i3 
politic (Fig. 1 and 	7) 	The monoelines show two different 
shapes: either r- r  H -shape. 	Apparently they are conjugate 
with easterly or westerly dipping axial surfaces. 	Their hinges 
are rounded but acute (Fleuty, 1964), and there is no change in 
the orthogonal thickness of the semi-pelite in the folds. 	Often no 
sohistosity has developed parallel to their axial surfaces, but 
when 33 is present it is sideways - upward facing. 	In Garbh Ailt 
(NH 488876) the monoclines can be seen to fold S i ' and 32 . 	dough 
(in Peach et a].., 1912) described the monoolines as 'shear belts'. 
Within twenty metres of the granite margin on Carn an 
Liath-bhaid (NH 553875) a steeply dipping schistosity cuts S'  in 
the Upper Pelite (see map II). 	Unfortunately the exposure is very 
limited, and no minor folds are to be seen. 	The Upper Polite is 
'right way up' as shown by ripple laminations and because the 
schistoalty dips west south-westwards, and the bedding schistosity 
(s1 ') north north-westwards, the sohistosity if sideways-upward 
facing. 	This facing is typical of 3 3 parallel to the axial surfaces 
of a few D 3 inonoclinea in Garbh Alit (noted above). 	The schistosity 
on darn an Liath-bhaid is therefore assigned to D 3 . 
2.B.4. D , structures 
Minor D folds are comparatively rare in the darn Chuinneag 
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area (see map II). 	Nevertheless there is micro-textural evidence 
which suggests t rt they are the latest folds in the structural 
sequence (of. 3. . . 
formed no lineation or sohistosity in the Moms rocks. 
2.B.4.1. A major folds 
The largest fold of the Carn chuinneag area is the D  major 
synoline of Freevater Forest (Pigs. 2, 5) which has deformed the 
MoInian and the whole of the Carn chuinneag intrusion. 	Its axis 
plunges progressively steeper along its axial trace, from 
approximately 100  in the north-west of the area in Rhidorroch Forest, 
to 600  - 700 around the Crom Loch near the granite (NH 400820). The 
reason for the syncline'a variable plunge Is uncertain, but the 
most reasonable explanation Is that the plunge Is controlled by pre- 
variations In dip of the MoinIan. The granite intrusion may 
have caused a local steepening of the Moinlan dip when it 
distended its envelope (of. 4.4.), and so the D axis close to the 
intrusion Is steeply plunging. 	The D major fold Is asymmetrical 
because its southern limb is almost vertical, and its northern 
limb dips at angles between 30 0 and 60 0. The D14 major fold is a 
syncline based on the evidence of the youngirig of reliable current 
bedding (see map III). 
Another D major syncline has folded the Upper Pelite 
north of Cam Bhren (map II, and Fig. 15). 	Younging evidence of 
ripple laminations confirm that the major fold is a syncline. 
FIG. 5 
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2.B.1.2. D . medium scale and minor folds 
The axial trace of a D medium scale syncline trends E-W 
through the summit of Neall Bhenneit (map II, NH 546838). 	An open 
Z-shaped D minor fold occurs in the crags of Garbhan Nor (NH 542825) 
and is congruent with the southern limb of the medium scale syncline. 
There are two localities where associated D4 minor folds 
have been found to be congruous with the D 1 major syncline of Free-
vater Forest. 	In the Creag Ruadh (NH 420868) an 3-shaped open 
minor fold occurs congruent with the northern limb of the major 
syncline. 	On the craggy southern slope of Meall a' Chaoruinn 
(NH 353830 ) open minor monoclinal DJ folds show a Z-shape and are 
congruous to the southern limb of the major D I syncline (Plate IV). 
At the summit of Carn Bhren, close '\ -shaped D4 minor 
folds are seen; they are congruous to the major D syncline north 
of that mountain, and are situated on its steeper dipping southern 
limb (Fig. 15). 
In a few places D minor folds occur remote from the hinge 
of a D major fold. On Cnoc na Tuppat (Nil 481880) and Cnoo nan Sac 
(NH 490888), open disharmonic D minor folds plunge at variable 
angles (30 0 _600) south-eastwards. 	Parallel to their axial surfaces, 
narrow fractures have formed at their hinges. The fractures may 
have formed by brittle failure after the Moinian had cooled do.ai 
subsequent to the episodes of regional metamorphism (of. Fig. 16). 
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3. THE METAMORPHIC HISTORY OF THE NOINE ROCKS 
3.1. Introduction 
The textures and mineral assemblages in the Carn Chuinneag 
area are medium Amphibolite fades 	regional metamorphism 
(Turner, 1968). 	The following assemblages occur outside the 
granite aureole:- 
Psammitic rocks 
Quartz - muscovite - biotite - oligoclase - ore minerals. 
Quartz - muscovite - biotite - oligoclaee - miorooline - 
ore minerals. 
Politic rooks 
Quartz - muscovite - biotite - garnet - oligoclase - ore 
minerals. 
Quartz - hornblende - biotite - garnet - oligoolase - ore 
minerals. 
Calcareous rocks (cab-silicate bands) 
Quartz - clinozoisite - C zoisite - hornblende - garnet - 
andes/he - ore minerals. 
In the relatively undef armed parts of the Carn chuinneag 
granite aureole a relic 'horntels' texture is preserved, and the 
mineral assemblages of the thermal (contact) metamorphism can be 
inferred from the present assemblages and relic textures. The 
thermal assemblage belongs to the Hornblende Homnfela facies (Turner, 
1968). 	The present assemblages of the aureole are almost identical 
to those of the 'regional'Moine rocks except for the occurrence 
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of icyanite and staurolite. 	The growth of kyanite in the aureole 
is not yet fully understood. 
assemblages of the aureole 
Psammitic rooks 
As 'regional I Moine rooks (see above). 
Politic rooks 
Quartz - muscovite - biotite - garnet - oligoolase - ore minerals. 
Quartz - muscovite - biotite - garnet - kyanite - oligoclase - ore 
minerals. 
Quartz - muscovite - biotite - garnet - kyanite - staurolite - 
oligoolase - ore minerals. 
Calcareous rocks (cab-silicate bands) 
As 'regional' Moine rooks (see above). -)K-
The inferred thermal assemblages (politic). 
Quartz - muscovite - biotite - oligoclase - andalusite. 
Quartz - muscovite - biotite - oligoclaso - cordierite. 
Quartz - muscovite - biotite - oligoolase - andalusite - cordierite. 
The Carn Chuinneag granite aureole coincides approximately 
in width to the Upper Polite which is 10 - 15 kma wide. No 
original andaluelte or cordierite have ever been found in the 
politic 'hornfelses' (Harker, 1954b and Haugh, 1964). 	The present 
writer's work confirms their absence. 
The growth of the metamorphic minerals has been studied 
in relation to the structural sequence which has been employed as 
a 	 These methods have been extensively used with 
* see Appendix 3 
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success by previous writers (Rast, 1958; Sturt and Harris, 1961; 
Zwart, 1962; Johnson, 1963; Harts and Johnson, 1969). 
Because of the ubiquitous annealing of the fabrics 
("general matrix coarsening", Harts and Johnson, 1969) late in the 
deformational history (until after D 3 ) the earlier bedding achistosity 
(Si) has been a surface of composite growth (Si'), of micas except 
within the inner zones of garnet porphyroblasts. 	Garnets contain 
the main helicitic textures found. 	Rare clinozoisite crystals in 
aureole cab-silicate bands also contain helicitic textures. 
Unfortunately no helioltic textures In kyanites occur. 	The timing 
of the regional metamorphism is based on the textural evidence 
furnished by the gamete, and by the growth of new minerals in 
pseudomorpha of the contact (thermal) metamorphism. The final 
'regional' metamorphic event was retrogressive, with widespread 
development of chlorite after D3 . 
The chapter Is sub-divided as follows into two main 
sections: - 
(3.2.) The metamorphic history of the 'regional' Molne rocks. 
(3.7.) The textural character of the 	 and metamorphic 
history of the granite aureole rocks. 
3.2. The metamorphic history of the 'regional' Moine rooks 
3.2.1. Fold textures and mineral development in 're gionalt Noirilan 
3.2.2. D, axial surface echistosity and bedding schistosity (s1 1) 
The D axial surface sohiatosity is the regional mica 
schiatosity In the Moine rocks of the Cam Chuinneag area, and is 
exactly parallel to the bedding 	except on the limbs and in the 
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cores of tight D 1 minor folds. 	Because of deep weathering it was 
impossible to collect the axial surface sohistosity of D, minor 
folds in the pelites for thin sectioning, but it was examinedin 
the psarnmitee. The ubiquitous bedding schiatoity 	is com- 
posite owing to the repeated growth along it of micas particularly 
after D2 (Plate V). 
In the psammites the mica lengths range from 0-1-1-0 mms 
(measured from several thin sections) and muscovite is dominant. 
Micas in the pelites are smaller, between 01-05 mms. longest 
dimension, and the amounts of biotite and muscovite are approximately 
equal. 
All the micas have been annealed after D2 , and in some 
oases after D (of. 3.2.4.) when some grain growth also occurred. 
It is probable that the lengths of micas along 5 were originally 
smaller than the sizes given above. 
3.2.3. D axial surface sohistosity and post-])2 mica growth. 
Except where involved in D 3 structures the micas along S2 
are always straight and larger than micas along 81'. 	At the hinges 
of D2 minor folds a 	 arrangement is common with over- 
lapping micas. 	In the pelites micas along S2 reach 15 nina length. 
There is a gradational transposition of micas from Si t to 
Grain growth and annealing reoryatallisation occurred after 
In parts of the Lower Pelite of Gleann Beag and in Coire 
Mor s S has been locally obliterated by metamorphic differentiation 
which has accompanied the development of 821  The psauunitio sehists 
are composed of segregation laminae of micas and quartz In which 
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the micas (about equal quantities of biotite and muscovite) are 
nearly all lying along 82 . 	 occurs where there 
are D2 minor folds, and some micas are arranged around ?augefl_apd 
groups of quartz crystals (Plate VI). 	The micas are straight and 
unstrained (Nicholson, 1966; Rast, 1966). 
Occasional polite bands, at (NH 399894) showing composite 
bedding achistosity i''  contain large mica porphyroblasts which 
have grown at random across the bedding schistosity l'• 	Some 
biotites reach 225 mms length and are identical in pleochroic 
scheme to biotite crystals and are identical in pleochroio scheme 
to biotite crystals which are straight and unstrained lying along 
S2 . 	The large micas probably grew post-D 2 . 
3.2.4. D3 crinkles and post-I)3 mica growth 
The mica textures can be divided into two groups: 
micas of post-D2 growth lying along either S' or S2  and 
strained by D3 crinkles. 	Bent micas are common in the Lower Polite 
of Glencalvie Forest and are highly strained as shown by their 
undulose extinction (Plate VII). 	Their length is typical of micas 
annealed after D2 . 	Sometimes a small number of micas have re- 
crystallised and grown tangentially to the crinkle hinges. 
straight, unstrained micas recrystallised after D 3 crinkles 
are common in the Lower Polite of Freevater Forest. The micas have 
grown by annealing recrystallisation after D 3 , are straight, and 
overlap at the hinges of the crinkles. None are aligned parallel 
to the axial surfaces of the crinkles. 	On average, over several 
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hundreds of crystals, the micas are 075 mm - 10 mm long, con-
siderably larger than those found in D1 or D2 structures (Plate 
VIII). 
3.2.5. The A , mica texture 
11, 
D minor folds have only been recorded in the psammitea 
folding the bedding sohistosity 	 The micas lying in Si l 
are strongly bent and crinkled at the hinges of the D monoclines. 
The micas are 01-10 mms long and are highly strained. Thus 
there has been no annealing recrystallisation after D (Plate IX). 
3.3. The Growth of Garnet 
The garnets in the Carn Chuinneag area are probably 
almanditic and show a considerable variation in size, from 05 mm-
60 mm. 	The majority are zoned with two distinct parts consisting 
of sub-liedral inner zones 	 and anhedral or euhedral outer 
zones 	 In some gamete the outer zones form only partial 
overgrowths. 	Zoned almandine garnets have been discussed by 
Harker (1951b) and Harts and Henley (1966). 	Identical zoned garnets 
occur in psarnniitic, pelitic and oslo-silicate rooks. 	The 
dimensions of the inner zones range from 03 mm-30 mm, and the outer 
zones from 01 mm-2-0 mms. 
3.3.1. The textural relationship of garnet inner zones 
The inclusion trails (Si) are often straight and composed 
of tiny, closely-spaced, inequidimensional quartz crystals with a 
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host of minute dark-coloured inclusions. 	The latter are probably 
graphite grains which constitute thin bands parallel to the si. 
The si grains cannot be matched with either the composite bedding 
sohitosity 	l' - the se), or s2 . 	Therefore, the ai fabric is 
interpreted as a relic D1 fabric Thus, the garnet inner 
zones grew statically on a D, fabric. 	The inner zones were rotated 
by D2 , before the growth of the outer zones (of. 3.3.2.). 
A few 8yn-D2 garnet inner zones have been found from Creag 
Ghlas (NH 450880). 	They show symmetrical S-shaped inclusion 
trails (Si) when out parallel to the bedding eohistoity 
like those described by Powell and Treagus (1967). 	This si 18 
identical to the straight si of other garnet inner zones (Plate x). 
Most garnet inner zones show straight trails (si) and 
crystallised before D2 , whereas the Inner zones with S-shaped 
trails (si) were crystallising as D2 started. 
3.3.2. The textural relationship of garnet outer zones 
Most zoned garnets are small, in the order of 05 mm 
dimension (Plate XI). 	Many outer zones are euhethal, about 0'l mm- 
02 mm wide, and contain no inclusions. However, the larger zoned 
gamete with outer zones of about 10 mm dimension, 80 contain 
inclusion trails (al). 	The inclusions are elongate crystals of 
quartz and iron ore, 005 mm-0 075 mm long and arranged In curved 
trails (si). 	The outer zones are partial overgrowths symmetrically 
arranged on opposite sides of the inner zones (Plate X). 	Where the 
gamete have not been rotated by D 3 crinkles the bedding echistosity 
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(s,') curves into the si of the outer zones. 	This texture is 
observed no matter in what direction the garnets are cut. There-
fore, the outer garnet zones are static overgrowths on the composite 
bedding sohistosity (S 1 1 ), i.e. grown after D2 . 	D crinkles rotate 
numerous zoned gamete with outer zones. A break is then observed 
between the se and the si at the outer zone margin. 
3.3.3. The textures of unzoned gamete of pre-D 2 age 
Unzoned gamete are common in tiin bands, especially in the 
three hornblendic pelite bands of the Alladale River (NH 435892). 
Many are large porphyroblasta reaching 7 mme. dimension, and are 
poorly preserved. 	They include a straight ai formed of small 
inequidimensional quartz crystals and smaller amounts of dark 
? graphitic material of unknown origin. 	Some crystals show their 
si recrystallising into larger polygonal quartz grains (a post-D2  
effect). 	iflhere there has been no D2 or D 3 folding of the bedding 
sohistosity (31') , se passes undeflected into the garnets where it 
forms the relic si 	which is very fine grained. Thus, these 
garnets have grown statically on an S, fabric like the garnet inner 
z ci e s. 
3.4. The Growth of Hornblende and Zoisites 
3.4.1. Hornblende in the pelites 
Hornblende has been located in three bands only, each 
about 15 one thiok in the Lower Polite of the Alladale River and 
the Coeuhleum (NH L142890). 	Together with biotite it forms the 
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composite 'regional' bedding sohistosity 	and varies in 
length from 0'Lpnm-08znm9 	Numerous crystals are inclined at low 
angles to 3,'. 	The hornblende is inclusion-free and straight. 
It recryatallised with the quartz and micas after 1)2,  although horn-
blonde probably orystallised in the regional metamorphism prior to 
D2 when the garnet inner zones developed. One band on the 
Coeuhleum (Nil LJ42890) has been crinkled by 1)3 . 	The hornblendea 
are bent and strained round the crinkle hinges. This evidence 
points to a post-D2 growth for the hornblende and to no further 
reorystallisation post-D 3 . 
Hornblende and zoisites in oslo-silicate bands 
Hornblende 
In oslo-silicate bands hornblende forms large porphyroblasts. 
Crystals lying along the bedding sohistosity (S 1 1 ) are on average, 
about 1 mm in length, but in some bands large crystals up to 1 cm 
long are abundant. The latter have usually grown at random 
probably indicating static growth. However, hornblende porphyro-
blasts in oslo-silicate bands at Toll Loohan (NH 329888, of. 2.B.2.2.) 
lie in a D2 mineral lineation parallel to D 2 minor fold axes. 	In 
the same bands about 50% of the hornblendes are in a random 
orientation. 	The hornblendes enclose quartz and oligoclase 
inclusions which are identical to the annealed quartz and oligo- 
olase crystals in the groundmass (of. 3.5.2. and 3.6.). 	Hence 
the hornblende began growing syntectonically towards the close of 
and continued growing statically after D2 at the same time as 
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the garnet outer zones. 
3.4.2. 	a  zoisite 
The C. zoisite is widespread throughout cab-silicate 
bands. It forms small anhedral crystals of 01-02 mm length in 
the groundmase and may comprise 30% of thin bands (2 turns thick) 
parallel to the bedding sohistosity 	 a zoisite shows 
bright blue anomalous interference colours in thin section, and 
texturally in ambiguous although it probably reorystallised at 
the same time as the matrix after D 2 . 
3.4.3. 31inozoiaite 
Like the hornblende, olinozoisite has grown in large 
porphyroblasts, 05 mm-10 mm long, which unlike the hornblende 
and a zoisite has grown in a random orientation. 	Clinozoisite 
porphyroblaste enclose unaligned inclusions of annealed groundmass. 
CL zoisite form some of the inclusions. 	The olinozoisite has 
dark grey or anomalous steel blue interference colours. 	The 
textural evidence suggests a post-D 2 growth for the olinozoisite. 
3.5. The Development of Quartz 
Of especial relevance to quartz are recent studies which 
have indicated the importance and usefulness of the application 
of the knowledge of microstructure of metals to the textures of 
metamorphic rooks (Voll, 1960; Harris and Rest, 1960; Rast, 1965; 
Read, 1965; Harte and Johnson, 1969; Spry, 1969). 	However,it 
has been realised that care must be exercised in making analogies 
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between the microstructures of metals and those of metamorphic 
rocks (Read, 1965; Harte and Johnson, 1969). 
3.5.1. Quartz crystals in helicitic garnets 
The quartz in the inclusion trails of garnet inner zones 
forms tiny Inaquidimensional crystals of less than 003 mm di-
mansion. 	It is believed to represent the quartz texture of the 
fabric i4iioh was relatively fine grained compared to the present 
annealed fabric (cf. 3.5.2.). It formerly constituted the matrix 
in the 'pebbly' psatnmites and in the pelites. 
The quartz crystals of the si in garnet outer zones is 
coarser grained, ranging from 02-07 mm dimension. The grains 
are strongly elongate. 	Asthown above (of. 3.3.2.) these quartz 
crystals represent the fabric of the groundmass at the close of D 2 . 
3.5.2. The matrix quartz fabric 
The grain sizes of the pelitic, semi-pelitic and psammitic 
rocks do not vary greatly throughout the area, although the ground-
mass mosaic within individual samples shows sizes ranging from 01-
l0 mm dimension. 	The 'pebbly' psammitea (upper part of Upper 
Psammite) are interesting texturally and structurally (of. 2.B.1.). 
The 	 grains are usually about 25-50 mms long. 	The centre 
of each 'pebble' Is composed of a large single inequidimensional 
grain (20-25 inma long) surrounded by two different types of 
grains. 	Subordinate numbers of very small (less than 005 mm di- 
mansion) equidimensional strained grains are patchily clustered 
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around the large central grain together with many larger recryata-
ilised polygonal grains which have probably formed from the tiny 
strained grains during the annealing after syntectonic crystalli-
sation. 	In some cases the large central grain is oligoo].aae 
feldspar. 	Between the 'pebbles' the groundmasa of quartz 
crystals form a granoblastic polygonal texture (spry, 1969). Despite 
their grain growth during annealing recrys tall isation, the grains 
still show signs of the flattening which took place during D1 (Plate)CII) 
(of. Spry, 1969 9 Plate XXXe). 	The quartz has recrystallised to a 
low energy state because triple points are abundant. 
Annealed polygonal texture is typical of all the Moine 
rocks or the Cam chuinneag area including the recognisable 'hum-
felses'. (Plates XII, XIII, of. 3.9.7.). 	Quartz crystals in D2 and 
D3 folds are annealed, the inference being that annealing recrystall-
Isation occurred through relatively long periods of time beginning 
after D2 and ceasing after D 3 . 	In fact though, where D 3 structures 
are found, not all the quartz crystals are annealed; some are 
strained as shown by their deformation bands. 
3.5.3. Quartz in D ,  minor folds 
In the axial surfaces of D minor folds brittle failure 
is shown in quartz grains by narrow zones, 05-10 win wide, where 
a mortar texture occurs (spry, 1969). Polygonal annealed grains 
are highly strained amongst tiny recryatallised grains (less than 
005 mm dimension) which may have formed in response to D strain 
at the fold hinges. 
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3.6. 	The Growth of Feldspar 
Throughout the Noine rocks of the area, feldspar is an 
important constituent of psammitic, pelitic and ealc-silicate rocks. 
It originated as a detrital mineral along with the quartz and is 
mostly oligoc].ase feldspar, but some miorocline is present in the 
psammitic rocks. 	Feldspar porphyroblaata have not been found. 
Texturally feldspar forms a part of the groundmass granoblastic 
polygonal mosaic, and in the 'pebbly' peammites oligoclase con-
stitutes up to 50% of the centres of the large 'pebble' grains. 
Like the quartz, feldspar has annealed by recrystalllsation after 
and after D 3 . 
3.7. 	The Textures and Mineral Development of the Aureole Rocks 
(Fig. 16). 
3.7.1. 	 texture 
It Is necessary at this stage to clarify the basis for 
distinguishing between the true 'regional' achists and the 'horn-. 
of the granite aureole. 
The present textures of the granite aureole show the 
effects of contact and regional metamorphism. 	The decussate 
bopnfels texture has survived in parts of the aureole. During 
the later regional metamorphism the decussate texture has entirely 
controlled the growth of the minerals. 	Where the hornfelses were 
deformed the mineral growths have been controlled by the folds and 
sohistositles (i.e. D2 and D3 ). 	 The recognition of 'hornfelsea' 
depends on several factors. The criteria are as follows:- 
FIG. 16 	SUMMARY OF THE TIMING 	OF THE MINERAL GROWTH 	IN 	THE 
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 the fine grained nature of the 'hornfelsea'(Plate XIV). 
 preservation of decussate texture due to lack of deformation 
subsequent to the contact metamorphism i.e. D2 , D3 and 
structures are not developed everywhere in the aureole. 
presence of pseudouiorphs after andalusite and cordierite, 
which are still recognisable even after deformation (cf. 3.7.3.). 
In the absence of andalusite and/or cordierite pseudo-
morpha the 	 fabric remains because of the random 
orientation of micas and fine grained character of the thornfelses t 
(of. 3.9.7.). 	No rocks in the 'regional' pelites are as fine 
grained as the 'hornfelses'. 	It may be a coincidence that the 
bulk of the Upper Pelite was composed of exceptionally fine grained 
ehaley sediments, but it seems more likely that the fineness of grain 
of this polite is due to the contact metamorphism. There are many 
places in the Upper Pelite where 'hornfelaea' can be traced into 
t regionall achists, either at the outer aureole limit, or where 
the hornfelaes were involved in later deformation W2 . 1)3 ). 	It 
was for this reason that Clough (in Peach and others, 1912) mapped 
unsheared and sheared hornfelses, although, for the reasons outlined 
above, when a hornfela has been deformed ('sheared') it is no longer 
a recognisable 	 and is like a f regional l Moine schist. 
In the following sections it is shown how the micas, garnet 
and quartz have recrystallised at times which are equivalent to the 
times of reorystalliaation in the 'regional' Moinian. 
In the following sections 'regional' is applied to all 
rooks obviously outside the extent of the original aureole 
to the granite; 'hornfels' is applied to rocks retaining 
hornfels characteristics as defined above. 
3.7.2. 	DL, axial  
JL 
surface schistoaity and bedding schistosity (s1 j 
Politic D1 minor folds have not been sectioned because the 
most suitable pelites in the aureole with a D, axial surface 
schistosity occur in Abhuinn a' Coire Bog. 	Unfortunately the 
pelites are extremely weathered and crumble away. 	However, 
paammitio samples show an identical mica texture to the 'regional' 
types (of. 3.2.2.). 
Along the surfaces of the ubiquitous composite bedding 
sohistosity 	micas have grown statically after D 2 . 	Therefore, 
as in the 'regIonal' rocks micas lying with (001) parallel to the 
original bedding schistosity 	are probably larger than the pre- 
thermal or pre-D2 micas owing to 'general matrix coarsening' (.darte 
and Johnson, 1969). 
, axial surface sohistosity, deformed pseudomorpha and 
post-D2 mica growth. 
The remarks made in section 3.2.3. concerning the herring-
bone arrangement of micas in D2 minor folds and the development of 
micas along 32  apply to these fabrics in the aureole (Plates XV, 
XVI). 
On Cnoc nan Sac and Mullaoh Creag Riaraidh the Upper Polite 
shows evidence of the former presence of andalusite and cordierita. 
Pseudomorpbs after these two minerals are common. At Cnoo nan Sac 
the pseudomorpha are all deformed, but on Mullach Creag Riaraidh 
undeformed pseudomorphe occur at the crag base, and deformed 
pseudomorpha at the crag top. 
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The paeudomorphs are flattened in the planes of S2  into 
cake-like forms (Hosacck, 1968) which are ellipsoidal in cross-
section. 	Hence, they produce a marked alignment (of. 2.13.2.2.). 
They consist of shimmer muscovite, biotite, garnet, iron ore and 
rarely kyanite needles. 	The muscovite exceeds the amount of 
biotite by the ratio of 2:1. 	Both mica types are very fine grained 
and of constant dimension (less than 005 mm) and orientation through-
out the pseudomorphe and the groundmass. The micas are aligned 
in the D2 sohistosity 	parallel to the elongation of the 
pseudomorph outlines, and none lie parallel to the bedding 
which is marked by thin quartz-rich layers (Plate XVII). They 
are annealed and straight, having reorystallised post-D2 , but 
originated pre-D2 when the cordierite disappeared. 	The white mica 
pro-dates the growth of the random kyanite needles (of. 3.9.1.). 
The pseudoniorphs were formed by the replacement of 
andalusite and cordierite which were indigenous to the original 
hornfelses (Plate XVIII). 	Near Loch a'Chaoruinn (NH 462792) in 
the south-eastern part of the granite aureole beautiful chiastolite 
paeudomorphs are still preserved filled with shimmer muscovite and 
kyanite needles. 	It is probable that most of the dark grey-coloured 
deformed pseudomorpha were originally cordierite. The undeformed 
peeudomorpha at the base of Mullach Creag Riaraidh were probably 
andalusite, and are lighter coloured. The latter are sub-rectangular 
in outline, 2-3 mma dimension, and contain only garnet and muscovite. 
In general the pe].itic 'hornfelses' are very fine grained, 
ME 
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and where unaffected by D2 or D3 structures contain tiny micas, 
0'05-01 mm length, arranged at random with only few lying parallel 
to the bedding 	The muscovite and biotite are annealed and 
straight. 	They represent the recrystallised micas of the former 
hornfels texture and as in the 'regional' pelitea, annealing continued 
over the period from after D2 2XU after D 3 . 	Occasional thin 
bands, about 1 cm thick, show large muscovite porphyroblasta 
oriented at random and attaining 10-13 mm length (of. 3.2.3.). 
The muscovites are poikiloblastic in which quartz, oligoclase 
and biotite inclusions are identical to the groundmass. The 
muscovite poikiloblasts are In no special orientation and form a 
sieve tecture. 	Thus the poikiloblasts crystallised at the same 
time as the groundmass after D2 . 
3.7.4. X-ray diffraction of 	 muacovites 
X-ray diffraction of the fine grained colourless micas 
(shimmer muscovite) In the paeudDmorph-bearing 	 has 
shown that the 'shimmer aggregate' mentioned by Harker (1954b) 
and Haugh (1964) is no different from the groundmass muscovite. 
From each rock examined separate samples were diffracted of 
pseudomorph and groundmaas muscovite. 	Samples from chiastolite 
pseudomorphe from Loch a' Chaoruinn (NH 462792) and the deformed 
cordierite pseudomorphs from Cnoc nan Sac and Nullach Creag 
Riaraidh were diffracted and found to ocrisist of the 2I4 polymorph 
(Yoder and Eugater, 1955; Velde, 1965). 	Their respective ground- 
masses contain the same polymorph. These are apparently typical 
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medium grade 'regional' metamorphic muacovites (Ernst, 1963b; 
Velde, 1965). 	However, the undeformed andalusite pseud.omorpha 
from Mullach Creag Riaraidh contain the 1 M poiymorph which is the 
metastable low temperature form (Velde, 1965). 	The reason for 
the occurrence of the latter polymorph is not clear. It may reflect 
local differences in muscovite recrystallisation where the reaction 
1 M 	2 M, has not been completed during the rising temperature 
of the 'regional' metamorphism before or after D2 . 	It is unlikely 
that the reaction 2 M, 	1 M would proceed as a late stage retro- 
gressive change (Velde, 1965). 
397.5. The D3 crinkles. nionoolines, 
S 	and post-D I,  mica growth. 
The textures of the D crinkles in the aureole are like 
those of the 'regional'Moine rooks (of. 3.2.4.) and require no 
further explanation. 
The bent and strained micas in the D 3 monoclinea lie along 
the composite bedding sohistosity 	and occur at the fold 
hinges. Their length is 03 mm - 05 mm. 	Some of the micas have 
recrystaliised into larger straight crystals reaching 1 mm length. 
A monocline near Saleohie in Garbh Alit (map V, NH 488876) has a 
strongly developed axial surface schistosity (5 3 ) In which the micas, 
mainly biotite, are aligned. 	Some are partly transposed from the 
bedding schistoalty 	and form a 'herring-bone arrangement'. 
A mica alignment in the 'hornfelsee' of Carn an LIath-bhaid 
(NH 553677) is S3 	(of. 2.3.3.2.). The micas are arranged in a 
'herring-bone' texture and some are fully transposed into S3 planes. 
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The fabric is still 'hornfelsic' because it is exceedingly 
fine grained. 
3.7.6. The Di . mica texture 
Like the D minor folds deforming the 'regional' Noinian, 
the D folds in the granite aureole show evidence of buckling and 
brittle fracture. 	The micas are highly bent and strained, 
especially in the close minor folds from the summit of Carn Bhren 
(Plate XIX). 	Thus there has been no reorystallisation in the 
aureole since D. 
3.3. The Growth of Garnet in rocks within the area of the 
granite aureole. 
The textural evidence presented below suggests that there 
were two episodes of garnet growth in the aureole of the Cam 
Chuinneag granite during the regional metamorphism. These episodes 
were synchronous with the two garnet growths of the 'regional' 
I1oinian. 	No evidence has been found to support 	(in Peach 
at al, 1912) and Harker's (1939) theory that garnet growth took 
place during the contact metamorphism. 	Do Lapparent's (1935) 
suggestion brought up again by Long and Lambert (1'63) and 
mentioned by Long (1964), of an early garnet grade regional meta- 
morphism prior to the granite intrusion is untenable. 	The present 
writer Is in partial agreement with Harker (1954b), and in full 
agreement with Haugh (1964) in maintaining that all theaureole 
garnets grew during the post-contact regional metamorphism (of. 3.3). 
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In the following sections (3.8.1.- 3.8.6.) the textures 
of the gamete are described. 	In section 3.8.7. the textures are 
discussed and interpreted. 	The age of the garnet growth is deduced. 
The initial remarks concerning garnets in the 'regional' 
ioinian apply to the aureole gamete also (of. 3.3.). 	Throughout 
the Upper Pelite, including the 'homnfelses', gamete are wide-
spread and show a large range of dimensions from 05 mm - 1 cm. 
3.8.1. Textural relationship of garnet inner zones and unzoned gamete 
3.8.2. Unzoned gamete. 
There are three localities where unzoned garnets have been 
recognised: Carn an Liath-bhaid, Mullach Creag Riaraidh and 
Garbh Alit. 
The gamete from Carn an Liath-bhaid are anhedral 
poikiloblasts 20-3 3 mms dimension. Their inclusions are minute 
rounded quartz crystals less than 005 mm dimension, closely spaced 
and sometimes showing a weak alignment of straight trails (si). 
The gamete were sliced in three different directions: parallel 
to, at 450 to, and 90 0 to 3.. 	All sectiona disclosed the same 
texture. 
 Large gamete, 08 mm-lcm dimension, occur in the semi- 
pelitic 'hornfelses' of Mullach Creag Riaraidh. 	In handspecimen, 
and in thin section the se (J') is seen to pass undeflected through 
the garnets. 	The si is much finer grained than se, and is composed 
of tiny rounded quartz crystals, closely spaced and arranged in 
weakly aligned straight trails. 
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Despite careful collecting the author did not find any 
so-called roiled garnets of the type fLgured in slide 11801 of 
Peach et al (1912). 	Some of the garnets in slide 11801 may be 
synteotonic (personal observation of thin section 11801). 	The 
spiral si comprises tiny rounded and inequidimensional quartz 
crystals and iron ore so typical of the straight trails described 
above. 	This si resembles that of the syn-D 2 garnet inner zones 
in the 'regional' sohiats from Creag Ghla (c.f. 3.3.1.). 
3.8.3. Inner zones of zoned gamete. 
The inner zones vary in dimension from 02-04 mm. on 
Cnoc man Sac to 30-5O mine on Onoc ma Tuppat, (Plates XVI, XX). 
All contain a straight si, independent of the direction of cut, 
composed of small inequidimensional closely spaced quartz crystals 
which are much finer grained than so. 	The inner zones are 
anhedral, and also contain much dark-coloured ?graphitic dust, 
especially those from Cnoc nan Sac. 
3.8.4. Inner zones of zoned gamete inside pseudomorphs. 
The inner zcxiea vary from 01-03 mm dimension (Plate XXI). 
They are crowded with minute ?graphitic inclusions together with 
minute rounded quartz crystals. 	A few contain straight trails 
(si). 	The inclusions always indicate a much finer fabric than 
that of the rock matrix, and are closely similar in all respects 
to the garnet inner zones occurring outside the pseudomorphe in 
the 'hornfelses'. 
The gamete have grown preferentially in the pseudomorpha, 
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and also in biotite rich layers parallel to the original bedding 
Haugh (1961) also noted this fact. 	This distribution 
may be in accord with the reaction noted below (of. 3.8.7.). 
3.8.5. Textural relationship of outer zones of zoned garnets. 
There is a large variation in dimension from 01-20 mms. 
Sometimes they are euhedral, devoid of an si and completely envelop 
the inner zones. 	Usually the outer zones are partial overgrowths 
including a curved si composed of quartz and iron ore (005 mm - 
01 mm dimension) which is parallel to the curvature of the 
matrix as round the garnets. 	Where there are no D 3 crinkles the 
curving as can be traced into the outer zones where it becomes si. 
The si fabric Is the same whatever the direction of out of the gamete. 
This observation is based on examination of the large garnets from 
Cnoc na Tuppat which were out parallel to, at 45°  to, and 900 to 
%'. (Plate xxxi). 
At Onoc man sac garnetiferous rocks showing only a regional 
metamorphic fabric occur adjacent to paeudomorph-bearing 
and were therefore presumably within the original granite aureole. 
In these rocks the garnet outer zones may be seen to overgrow S 2 
in D2 folds. 	This relationship is observed in sections out in a 
variety of orientations, and the texture is Identical to the garnet 
outer zones from Cnoo na Tuppat. 
3.8.6. Outer zones of zoned gamete inside pseudomorpha. 
All gamete growing within pseudomorpha in the 'hornfelsee' 
are zoned (Plates xxi, of. xxiii). 	The outer zones may be partly 
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or completely developed, and contain variable numbers of inclusions. 
Their dimensions are O1nun-02mm, often euhedral, but mainly sub-
hedral. 	The inclusions comprise ?graphitic dust and small inequi- 
dimensional unaligned quartz crystals of 002-005tnm dimension, 
considerably larger than quartz inclusions in garnet inner zones. 
3.8.7. Discussion of Garnet Growth within the aureole. 
1. Inner zones of garnets. 
The textures of the inner zones described above show 
similarities to those of inner zones of garnets in the'regional'  
schist (cf. 3.3.1. pp. 27-28). 	The major difference between 
the inner zones of gamete in the 	 and 'regional' 
sohists is in the development of definite trail-like arrangements 
of the inclusions, as follows: 
rock type 	 nature of fabric inside garnet 
Obornfelses t (matrix) 	 random and/or weakly developed trails. 
'hornfelses' (within pseudomorphs) 	weakly developed trails. 
rgionat schists 	 strongly developed trails. 
In addition the quartz inclusions are more frequently 
elongate in the 'regional' schists than in the 'homnfelses'. 	The 
above variations suggest that the rock fabric was different inside 
and outside the area of the granite aureole at the time of growth 
of the garnet inner zones. 	The occurrence of unaligned or weakly 
aligned inclusions in the garnets within the area of the aureole 
may be interpreted as the result of growth in a horrifels in Which S 1 
had been modified or even obliterated by the growth of the decussate 
texture during the contact metamorphism. 
The well developed inclusion trails in the garnet inner 
zones of 'regional'schists indicate growth over an unmodified S, 
L1.5 
fabric. 	Thus, these textures are interpreted as showing the 
growth of all garnet inner zones to be later than the granite 
intrusion. 
Outer zones of garnets. 
The outer zones of zoned gamete have overgrown S1' and 
(of. 3.8.5.). 	Therefore, they grew after D2 . 	Gamete showing 
outer zones are in places rotated by D 3 crinkles, which indicates 
thau the growth of the outer zones ceased prior to D (of. 3.8.5.). 
The time of growth of garnet outer zones in the granite 
aureole agrees with that In the 'regional' schists (of. 3.3.2. 
pp. 28-29). 
The theory of garnet growth pre-dating the granite intrusion. 
Long and Lambert (1963) proposed that regional metamorphic 
gamete grew before the granite intrusion which were subsequently 
resorbed into andalusite and cordierite during the contact meta-
morphism. 	The textures of zoned gamete inside pseudomorpha of 
the 'hornfelaee', described above, indicate that the reverse reactions 
have occurred when andalusite and cordierite altered to garnet 
during the post-granite regional metamorphism. Applying Long's 
and Larnbert's (1963) theory it would be difficult to explain why 
zoned gamete inside pseudomorphs are almost identical in dimension, 
and contain quartz inclusions which are closely similar, to the 
zoned gamete in the 'homnfelaes' outside the pseudomorphe and 
in the 'regional' Moine rocks. 
On the basis of the textural evidence probable reactions 
L.5a 
which might have occurred in the cordierite pseudomorphs are 
as follows:- 
Contact metamorphism - cordierite grew, including the S, fabric. 
'Regional' metamorphism - cordierite 	garnet inner zones 
(including S,  fabric) 
+ kyanite + quartz + 
biotite. 
D2 
'Regional'metamorphism - more growth of garnet outer zones. 
blot its 	muscovite + garnet + 
oxide + biotite2 (fabric after D2 
equivalent to annealing In 
groundmass). 
3.9. The Growth of Kyarilte. 
Controversy has existed concerning the presence of kyanite 
in the aureole of the Carn Chuinneag granite for many years. 
Several publications have discussed its development In detail: 
Flett (in Peach and others, 1912); Tilley, 1935; Harker, 19514b. 
1.6 
Many more writers too numerous to mention, draw attention to it in 
passing. 	Other authors such as Haugh (1964) and Richardson, 
Gilbert and Bell (1969) state opinions regarding its possible origin. 
The field relations and proposed inversions of the alumino-
silicate minerals have been dealt with in the past: Dike (1957); 
Hietanen (1956); Workman and Cowperthwaite (1963). 	None has 
described a situation exactly like that of Carn Chuinneag which 
appears to be unique. 
Firstly the kyanite textures are discussed, and secondly a 
short account deals with the various possibilities of its origin. 
3.9.1. The Kyanite textures 
The kyanite crystals in the 'hornfelses' of Mullach Creag 
Riaraidh are porphyroblasta about 1 mm long. They are highly 
altered at their margins to fine grained shimmer muscovite and 
contain no inclusions that are usable for textural work (Plate xxiii). 
All the mica in the semi-politic 'hornfelaea' is muscovite, and 
the kyanite has been replaced by shimmer muscovite. 	The muscovites 
are all the 2 M1 polymorph (cf. 3.7.4.) which (re)orystallised post-
D2 , although it may have formed pre-D 2 . Thus, there is no precise 
evidence of when the kyanite porphyroblasts grew. 
The writer has found kyanite in two other modes of 
occurrence. 	Tiny needle and blade-shaped crystals occur inside 
chiastolite pseudomorpha at Loch a' Chaoruinn. 	The kyanite is 
either in a random orientation or in radiating masses ranging in 
dimension from less than 003 mm-0-1 mm. 	Similar kyanite crystals 
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occur in profusion in the groundmass of some Loch as Chaoruinn 
and at a few other localities throughout the aureole 
(Plate XIII). 	Flett (in Peach and others, 1912) describes these 
crystals as elilimanite, but X-ray diffraction on samples separated 
firstly using HF, and then filtering, proves them to be kyanite. 
The age of the ky-anite is uncertain, although it must be after the 
granite intrusion and oontaot metamorphism. 
However, some deformed cordierite pseudomorpha from cnoo 
nan Sac also contain randomly oriented tiny kyanite needles which 
have groun across the shimmer muscovite aligned in S 2•  Thus these 
kyanite needles have grown after 
Another 'hornfels' from Carn Bhren shows kyanite needles 
intergrown in the groundmass with quartz, blot ite and muscovite 
(Plate XIII). This texture is ambiguous because even though the 
groundmass was annealed after D2 , it is not possible to determine 
if the kyanite orystallised pre-D2 and later recrystallised after 
D2, or if it crystallised after D2 . 	The latter is more probable 
because of evidence from the cordierite pseudomorpha. 
The association of kyanite blades in thin quartz veins 
described by Tilley (1935) has not been seen by the present writer, 
but they probably grew at the time of the 'regional' metamorphism 
after D2 . 
3.9.2. The origin of kyanite 
Without detailed geochemical and phase equilibria studies 
of the 'hornfelses' it is impossible to say why kyanite has formed 
only in the granite aureole. 
The possibilities are:- 
Hollister (1969) suggests that In deep seated intrusions it 
is possible to develop andalusite in an inner aureole, and kyanite 
in an outer aureole due to temperature differences. 	On Nullach 
Creag Riaraidli andalusite paeudomorpha occur at the crag base nearest 
to the granite margin, whereas the kyanite porphyroblasts occur 
higher up the crag further away from the granite (Fig. 17). 	If 
Haugh's (1964) description of kyanite is correct for the south-
eastern part of the aureole then this spacial distribution could 
hold there. 	Adapting the phase diagram of Richardson, Gilbert and 
Bell (1969) path (A) on Figure 17 could represent the conditions 
during the contact metamorphism of the Upper Polite. One difficulty 
in proposing that kyanite grew thermally in the granite aureole is 
that cordierite crystallised. 	According to Richardson (1968b, 
Fig. 7) the stability of cordierite in conditions of kyanite 
stability would be very unlikely especially since the Carn Chuinneag 
cordierite probably contained an appreciable amount of iron (Richard-
son, person communication). 
The theory outlined in the above paragraph is in direct 
contrast to the Ideas of Pitcher and Read (1963) on the aureoles 
of the Donegal Granites. Their theory proposes that kyanite is  
stable in the inner parts of aureoles because of higher pressures 
caused by forceful intrusion. 
A further argument against attributing kyanite growth to 
the granite intrusion is the textural evidence from the kyanite 
FIG. 17 POSSIBLE METAMORPHIC 
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needles. 	This points to kyanite growth after D 2 during the 
'regional metamorphism'. 
Kyanitee within andalusite pseudoinorphe have probably 
inverted from andalusite. 	It is most likely that all the kyanite 
grew during the 'regional'metamorphism - a view also held by 
Harker (1954b) and Haugh (1964). 	The strange aspect of kyanite 
occurrence is that it is absence from the 'regional' pelites in 
the Carri Chuinneag area. Kyanite appears to favour the vicinity 
of intrusions, for example the Glen Deseary Syenite (Richardson, 
1968a). 
Several hypotheses may explain the restriction of kyanit! 
to the Carn Chuinneag granite aureole. 
the chemical composition of the Upper Polite had a different 
original sedimentary composition to the other pelites in the area. 
andalusite and cordierite formed large crystals which 
behaved as closed systems in the later ?regional  metamorphism. 
The Upper Polite composition would then no longer control paragenesie: 
BiOtit omnteia 	 > Biotiteregions i 
Andalusitehomfels )I KYanitepegionai 
Cordieritehomfels 	 (Kyanite + almandine garnet a gi ona 1 
?? reacts with muscovite. 
Quartzhomfels 	 ) (uartzregiofla1 
(o) 	the horntels temperature was sufficient to drive off 
(? upwards) a melt of granitic composition from the Upper Polite: 
Muscovite + quartz 	0 andalusite + melt 
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Hgics, the composition of the hornfelsea after granite intrusion 
would be different from the other shales of the area. 
Another point is the rarity of kyanite in the aureole. 
If the hornfelses were dehydrated and never reached the condition 
of PH o = Load in the subsequent 'regional' metamorphism then 2 
kyanite could not have crystallised readily. 	Yodor (1952) and 
Zen (1961) suggest that metamorphic facies depend on bulk compo-
sition and availability of water. 	Harker (1954b) suggests that 
after the contact (thermal) metamorphism the Carn chuinneag horn-
felses would lack inter granular water. According to Richardson 
(1968b) more hydrous homnfelses ought to be much poorer in oxygen 
as hydrogen diffuses raster than water. Therefore, in homntelees 
112 02 + 112 	H 2  0 + minerals (? almandine garnet, biotite, oxides 
and muscovite at Carn Chuinneag). This reaction would not favour 
the growth of kyanite in large amounts, but instead would tend to 
grow shimmer muscovite St*1Ch is abundant in Carn Chuinneag 'horn-
felses', and has been proved to be of I5giona1  metamorphic origin 
(of. 3.7.40. 	This condition is more likely than (a), (b) and (c) 
above as texturally there is no argument for believing that large 
amounts of kyanite grew throughout the whole of the aureole (see 
path (B), Fig. 17). 
3.9.3. The growth of staurolite 
Staurolite has been found at only one locality in the 
granite aureole. This is on the upper parts of Mullach Creag 
Riaraidh where It forms crystals about 1 mm in length (Plate XXIV). 
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The porphyroblasts are mainly euhedral and virtually free of 
inclusions. 	Thus there is no textural evidence of when the 
staurolite grew other than its euhedral form which suggests 
oryatallisation when the groundmaes annealed after D2. It would 
then crystallise at the time of growth of the garnet outer zones 
and kyanite needles. 
3.9.4. Cab-Silicate Bands 
3.9.5. The growth of hornblende 
In the fine grained oslo-silicate bands hornblende crystals 
foxn the composite bedding aohistoaity 	 Their size is 
between 0'2-05 mm. 
Hornblende in the coarser grained oalc-silicate bands forms 
large porphyroblasts, 2-4 mm in length, containing inclusions of 
annealed groundmasa. The hornblene have grown in a random orien-
tation when the groundmaas was annealed after D2 . 
On the ridge north of Carn Saboohaidh (NH 512885) hornblende 
crystals about 03 mm long have grown parallel to the axial surfaces 
of D reclined folds. 	Moat of the hornblende is lying along S2#  
and probably orystallised after D 2
4 
The growth of hornblende in the granite aureole oslo-silicate 
bands correlates precisely with the timing of its growth in the 
rgjOflal cab-silicate bands (cf. 3.49 1 0. 	Because of annealing 
it is impossible to deduce from the textures if the hornblende grew 
during the thermal (contact) metamorphism. However, it would be 
expected to oryatallise at Hornblende Hornfela fades grade. 
/ 0 Aut n 
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3.9.6. The growth or a zoisite 
rr zolaite is an abundant constitutent of the groundmane 
in aureole cab-silicate bands, in which it may comprise 30% of 
the whole rock. 	Its habit and dimensions are like the a zoisite 
in the 'regional' cab-silicate bands (of. 3.4.2.). It is con-
sidered to have recrystallised at the name time as the annealed 
groundmasa minerals, although it also could have grown thermally. 
3.9.6a. rhe growth of clinozoisite 
As in the 'regional' Moinian olinozoisite has grown into 
large porphyroblasts commonly 10-2'0 mms long. 	In a oabc-silioate 
band at Cnoc bad na-Oldohe (NH 543885) olinozoisite porphyroblas 
show a helicitlo texture. 	They include a straight si composed of 
inequidimenaional quartz crystals which can be traced out of them 
into as l''  The preserved si which is not typical of relic 
i style fabric, but of the fabric (si) found in garnet outer ZOflOS 
indicates that the olinozoisite grew after D2 . This is supported 
by the fact that D3 crinkles rotate the porphypoblasta. 
Elsewhere to the north of Carn Bhren and Carn Saboohaidh 
olinozoisite porphyroblasts contain unaligned groundmase-type 
inclusions indicating a post-D2 oryatallisation. 
There is no direct evidence from the tregionall cab-
silicate assemblage, or from the relic thermal assemblage in the 
granite aureole, as to whether olinozoisite or a zoisite oryntall-
med during the contact (thermal) metamorphism. However, like 
hornblende it is likely that zoisitea did crystallise in the 
original homnfelsea. 
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3.9.7. The development of quartz 
The quartz crystal polygonal-shaped boundaries of the 
do not differ from the quartz of the'regional'  
Moine rocks, with regard to the effects of the post-D 2 annealing 
recrystallisation (Plate )CIII). There are, however, some 
differences: 
The 'horflfelses' contain much finer grained quartz than 
the 'regional' pelites (of. 3.5). 
There is a complete absence of the D grain alignment 
lineation. 
It is considered that the fine grained quartz fabric of the 
is a remnant of the former decussate texture. 	The 
dimension of quartz in usually lees than 005 mm. 	This dimension 
agrees well with the size of quartz crystals preserved in garnet 
inner zones throughout the aureole, in which the minute quartz 
crystals having escaped annealing and grain growth tend to be smaller 
(less than 003 mm dimension). 
No true decussate hornfels texture now exists as the quartz 
has been reorystallised after D2 into a granoblastic-polygonal 
texture like the quartz of the 'regional' Moinian. The texture of 
the 	 is, therefore, composite in origin, resulting from 
the 'over-printing' of annealing reorystallieation on the earlier 
hornfele quartz fabric. 
It is now pertinent to consider the descriptions of hornfelsed 
minor folds by Harker (195La) and Haugh (1964). The present writer 
has described how the original bornfels decussate texture has been 
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modified by the subsequent 'regional' metamorphism. Moreover the 
structural sequence as drawn up by Haugh (1964) is believed to be 
incorrect. HaugIi's (1964) F3 minor folds are probably equivalent 
to D2 minor folds. Applying the writer's structural sequence it 
becomes difficult to believe in Haugh's (op.oit) hornfeleed 
minor folds. 	The extent of the reoryatallisation in the 'regional' 
metamorphism is incompatible with the identification of hornfeleed 
minor folds because the original hornfels texture has been 'over-
printed' and is now ambiguous. 
The D, quartz grain alignment lineation has not been 
located anywhere in the granite aureole, even in the send-politic 
rocks. 	It is ubiquitous in the f regionall Moinian. 	The contact 
(thermal) metamorphism has probably destroyed it in the granite 
aureole. Prior to D2 and the post-D2 static annealing there may 
have been hornfelsed D folds in the Upper Polite. 	If so the 
treg1onal metamorphism has destroyed them. 
minor folds in the granite aureole also show a mortar 
texture like the 'regional'examples (of. 3.2.5.). 
3.9.8. The growth of feldspar 
There is no difference between the feldspars of the aureole 
and those in the 'regional' Moinian, except that they are fine 
grained in the 'hornfelses'. 	The remarks made above in Section 3.6. 
apply here also. 
At Carn Beag (NH 530882) several feldspar-rich bands occur 
each about 10 ems thick. The groundmass comprises 70-80% oligoclase 
with scarcely any quartz present. 	The mica fabric is identical 
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with the usual 	 and the bands probably represent an 
original difference in sedimentation marked by an unusually large 
influx of feldspar grains. 	They are now entirely reorystallised 
post-D2 and form a granoblastic-polygonal mosaic together with 
small amounts of quartz. 
3.9.9. Late retrogressive metamorphism in f regional l and aureole rooks 
Retrogressive mineral growth has not been extensive, but 
is marked in some caic-silicate bands. 
At widely separated localities chlorite has formed from 
garnet outer Z0fl08 and post-D2 biotites. 	In the aureole there is 
a distinct tendency for biotite involved in D 3 crinkles to partly 
revert to chlorite. 	This is especially apparent at the eastern 
end of the ridge north of Carn Saloohaidh (NH 509887). 
The oligoclase feldspar in the groundmass of cab-silicate 
bands shows various stages of replacement by fine grained colour-
less mica. 	In some oases there is no oligoclase left, and 
remaining quartz polygons are enclosed in a matrix of colourless 
mica. 
Li.. THE STRUCTURE AND METAMORPHISM OF THE CARN CHUINNEAG 
GRAN ITE 
The Carn Chuinneag granite was first recognised by Morrison 
(18E1). 	Prior to Harker (1962) no-one except Peach at al. (1912) 
had carried out an extensive field investigation. 	De Lapparent 
(1935) was the first researcher to conclude that the granite 
intrusion was not entirely pre-tectonic. Haugh (19E4) mapped a 
small area of the granite, and his work supported this conclusion. 
The author's work consisted of surveying the internal 
structures and the margin of the northern part of the granite. The 
southern limit of surveyed granite is about 15 kilometres south 
of the peak of Carn Chuinneag (maps I, II). 
Several kinds of ortho-gneissea occur in the pluton which 
were mapped by Harker (1962) and are texturally gneissic granites 
(spry, 1969, p. 281), and amphibolitee. 	The gneissic granites 
were originally mapped by Peach at al. (1512). Recently Harker, 
(1962) re-classified them as orthoclase granites. 	The 	a' 
Ghairn Rook' has a fine grained groundmass and is later than the 
'Inchbae Rook' which Is the common augen gneiss of the pluton. 
Near the western and north-western margins of the Cam 
Chuinneag intrusion large inclusions of basic amphibolites occur 
(see maps I, II, and Fig. 19). 	These are believed to be the 
earliest parts of the intrusion (Harker, 1962). Their detailed 
shape is unknown, and they are much traversed by the later veins 
and strings of granite (Plate xXV) and Peach at al. (1,12) p499 
(Plate V). 
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The peat and drift cover hides almost all their contacts with 
the main granite. 
According to Harker (1962) the 'Inohbae Rock' and 
amphibolitea have been hybridised by the 'Loohan a' Obairn Rook' 
to form the 'mixed rocks'. 	Harker (1962) considered the hybrid- 
isation to have mainly taken place as an igneous process at the 
time of intrusion. However, he also states (page 233), "Further 
interacton may have taken place between acid and basic material 
during the period of rising temperature and increasing strain of 
the later regional metamorphism". The present author submits 
that this proposal is untenable, because the intrusion has been 
metamorphosed at medium Amphibolite fades grade which excludes 
partial melting (Turner, 1968). 	If Harker (1962) was implying 
partial melting and re-mobilisation on an extensive scale, then 
there is neither field nor petrological evidence in support of his 
theory. 	The Cam authneag intrusion is not migmatitic, nor does 
it have a complex margin. It always, where exposed, abuts against 
the Moinian with a simple clear-cut contact without any indication 
of tijflg with the country rooks. 
The general characteristics and structures of the Cam 
Chuinneag granite and associated intrusions are described in this 
chapter, together with evidence regarding the age of the pluton. 
The structures and micro-textures of the intrusion are compared 
with those in the adjacent Moinian. 
Lj.l. The aape, Mode and Probable Depth of Intrusion 
The Carn Chuinneag intrusion is 15 kilometres long and 
6-7 kilometres wide, and it is elongated in a N.E.-S,W. direction. 
The smaller Inchbae granite to the south-west is probably a part 
of the same intrusion, and is presumed to be connected to the Cam 
Chuinneag granite beneath the Moinian cover. 
Both the original and present shapes of the intrusion are 
problematical. D2-D have probably slightly modified its original 
shape. 	Gravity data are required to delimit the root zone and 
margins of the pluton. Haugh's (1964) hypothesis of a pluton with 
steep margins to depth may be erroneous because structure contours 
are in accord with a sheet-like pluton about 4  kilometres thick. 
The northern and eastern margins of the intrusion are outward 
dipping, but the western and southern margins are inward dipping 
(Fig. 18). 	On the summit of Carn Bhren (NH 529879) and according 
to Haugh (1964), on Carn Sonraichte (NH 515715) the granite contact 
is almost vertical. 	In Gleann !2uire near Kildermorie Lodge 
(NH 513783) the granite contact is very steeply dipping for a 
vertical distance of 33-50 metres. 	However, the structure contours 
of the granite margin (Fig. 18) suggest that dips of the margin vary 
between 250_300  at Cam Bhren (NH 529879) up to 70 0-800 near 
Glencalvie (NH 475866). 
Peach et al. (1912) suggested that the Cam Chuinneag 
intrusion is a laccolith, and although this idea cannot be sub-
stantiated, it is obvious that they appreciated that the granite 
could have gently dipping margins. 
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Bott and Smithson (1967) in a review of the gravity 
approach to granite plutona point out that not all large batkiolith.s 
and small plutons widen out at depth. 	Some have a sheet-like 
form with gravity measurements predicting a shallow depth to the 
base of the pluton. 
There 13 considerable evidence that the Carn Chuinneag 
intrusion distended its Moinian envelope (of. Li.L.). 	It follows 
that the pluton intruded forcefully, but nothing is known in detail 
about the mechanism. The roof of the pluton has been denuded away, 
and therefore it is difficult to assess the amount of stoping 
or assimilation which might have occurred. 	Xenoliths in the 
sheet-like apophyses of Garbh Alit may indicate that some atoping 
took place as the main pluton was intruded. 
It is unrealistic to make any attempt to show whether the 
width of the thermal aureole (lO-1 kilometres wide) around the 
Carn c1huinneag granite is compatible with the thickness of the 
intrusion assuming it to be a sheet, without a detailed knowledge 
of the aureole petrology. 
Jaegar (1957) making certain assumptions regarding heat 
conductivity calculated temperatures which would be attained outside 
a theoretical sheet-like intrusion whilst it cooled. 	Winkler (1965) 
used Jasgar's (1957) results to calculate temperatures for different 
magma types, in order to estimate the expected widths of thermal 
aureoles. 	Unfortunately, the calculations are based on heat con- 
ductivity alone, and take no account of the detailed chemical 
petrology. 	Factors such as the amount of volatile components 
escaping from the intrusion, and hence gas and/or water pressure 
present during the reactions would greatly affect the reaction 
kinetics, and the distribution of heat in an aureole. 	Also the 
depth at which intrusion occurred would have to be taken into account. 
Furthermore the effects of deformation on an aureole, such as the 
Carn Chuinneag one, might have to be estimated. 
Referring to recent experimental work on the phase 
equilibria of pelitic assemblages, and to the petrogenetic grid, 
it is possible to estimate the probable depth at which the Cam 
Chuinneag granite was intruded. 	The thermal assemblage of the 
aureole contained andalusite and cordierite (of. 3.1.). 	The upper 
stability limit of andalusite is about 55 Itba (Richardson, Gilbert 
and Bell, 1969), but the presence of cordierite limits the likely 
pressure to between 3 and 5 Kbs (Richardson, 1968b, Fig. 7; and 
Hess, 1969, Fig. 3). 	According to Hess (1969) in quartz bearing 
pelitea the assemblage: biotite + andalusite + cordierite + 
muscovite, ought to appear around L Kbs pressure and 5500 - 6000C, 
although it is possible that the assemblage could form at much lower 
pressures. 	Therefore, the maximum depth of intrusion would be 
11-16 kilometres (3-5 kilobare pressure), and it could have been 
considerably shallower than that. 
4.2. The Structures of the Cern Chuinneag Intrusion 
The Cern Chuinneag granite is affected extensively by the 
main 1)2 planar foliation. The foliation Is defined by the longer 
dimensions of potash feldspar augen and the planar development of 
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micas. 	The augen are almost always cake-like in form (of. 2.B.2.2.) 
in contrast to the rod-like augen in the Inchbae granite (Peach 
et al., 1912; and personal observation). 
The widespread (main) foliation in the amphibolitea is  
formed by the alignment of hornblende and epidote. Small parts 
of the amphibolites are L-tectonites (Flinn, 1965b) in which 
acicular hornblende crystals are oriented in a strongly developed 
penetrative lineation. 
The configuration of the main D2 foliation bears no de-
tailed relationship to the intrusion shape or outline, and therefore 
it cannot be considered to have developed at the time of intrusion, 
unlike the flow foliations described by Cloos (193k) in a Californian 
granodiorite, or by Balk and Grout (1934) in the Snowbank Stock 
(Minnesota, U.S.A.). 	In the northern part of the intrusion (Fig. 19) 
the main D2 foliation strikes east-west from margin to margin across 
the granite, and is approximately parallel to the northern margin 
of the intrusion. There is a strong similarity between the styles 
of structures developed by D2 in the Moinian and in the intrusion. 
formed cake-like pseudomorphs in the granite aureole, and cake- 
like augen feldspars in the granite. Some areas of the granite 
are weakly foliated. 	3nall areas are completely devoid of 
foliation, and show original igneous laths of potash feldspar; for 
example at the summit of Carn an Liath-bhaid (NH 547873). 
Numerous factors, difficult to evaluate, may have affected 
the intensity of the foliation developed. For instance, the 
physical state of the intrusion during D 2 is unknown, but there is 
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no reason to believe that the granite was not wholly crystalline. 
Prior to D2 , medium Amphibolite fades metamorphism must have 
heated the intrusion relatively 800fl after its intrusion. 	It may 
follow that the Moinian and the intrusion reached a similar 
physical state before 1)2. 	The foliation pattern might be more 
explicable if this state, and the shape and extent of the Intrusion 
were better known. 
14.2.1. The Garbb Alit section 
In a one kilometre stretch of Garbh Alit near 3aiohIe 
ruined croft (NH 490875), the stream has out through a complex 
system of granite sheet-like apophyses intruded into the Upper 
Pelite rocks. Most of the sheets are foliated by the D 2 main 
foliation (of. 4.2.3.), but some are unfoliated. 	None contain a 
lineation. 
The granite sheets are variable In thickness, ranging 
from strings a centimetre thick up to twenty metres (Plate XXVI). 
Usually they are between three and ten metres thick, and are probably 
connected to the main granite intrusion. 	As their litholo- is 
typical 'Inohbae Rock' (of. 14.1.2.) there is no evidence to suggest 
a different time of intrusion from the main granites. There is no 
reason to suspect a metamorphic origin for the sheets and veins 
in C}arbh Alit. 
In the following sub-sections a structural description 
and comparison of the structures in the granite sheets with those 
in the Moinian highlights some of the evidence for dating the Cam 
Chuinneag intrusion. 
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4.2.2. The relationship of the granite sheets to the pelite 
bedding schistosity (s11)... 
Generally there is an approximate concordance between 
the bedding achistosity 	the granite sheet margins, and the 
main foliation within the sheets. A sheet may be generally con-
cordant, but locally for a few centimetres it becomes discordant 
transgressing the bedding schistosity (31 1 ) (Plate XXVII). 	Thus, 
without carefully observing the relationships of the granite sheet 
margins, the main foliation in the sheets and the.pelite bedding 
schiatosity, it is difficult to conclude whether or not the granite 
sheet main foliation is equivalent in age to the bedding schistosity 
In order to resolve this, the dips and strikes of the main 
foliation In all the main foliated granite sheets and the adjacent 
pelite bedding sohistosity 	were measured. When plotted on 
the stereonet the readings show two Important results: 
the orientation of the main foliation In the granite sheets 
differs in some oases by about l0°-15° from that of the bedding 
schistosity (s1 1 ) in the pelite. 
both the granite sheet main foliation and pelite bedding 
schistosity 	are folded about south south-westerly and 
southerly plunging axes respectively - 11 poles 42/191 and 50/175, 
see Fig. 20 and of. 	 So on this evidence the author 
concludes that the main foliation In the granite sheets Is not the 
same age as the bedding sohistoalty 	in the pelites, and 
therefore cannot be attributed to 
No D1 minor folds occur in the Garbh Alit section, but a 
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Di  isoclinal medium scale fold is present (of. map V and 2.B.1.). 
The granite sheets and veins cut the normal and inverted limbs 
without either a change of orientation or a change of angles of 
discordance across the limbs of the fold. The granite sheets 
may have been intruded later than the D,1 folding. 
4.2. 3. The relationship of the granite sheets to 	minor folds 
and S in the pelites. 
Ten metres upstream of the waterfall (/n map V. NH 491874) 
polite xenoliths in a granite sheet (Plate XXVIII) show a marked 
bedding schistosity uh ich is discordant to the granite main foliation. 
A later schistosity across the bedding schistosity 	in the 
xenoliths, and is continuous with the granite sheet main foliation. 
In thin section (Plate XXIX) this relationship is exceptionally 
clear. 	An identical relationship is seen in two more polite 
xenoliths opposite Salaohie ruined croft (see map V, NH 489875) 
where a later achistoalty has been overprinted on the earlier bedding 
schiatosity 	(Plate X)CX). 
At the discordant margin of another granite sheet (map V. 
NH 487878) a later schistosity outs across the bedding achistosity 
(Srj ') and is continuous with the granite main foliation (Fig. 21). 
Close by, a reclined D 2 minor fold has folded the polite bedding 
schistosity (Si ') and has a strongly developed axial surface 
schistosity which traverses the pelites, and passes into an adjacent 
granite sheet one metre away, where It forms the granite main 
foliation (Fig. 21 and Plate XXXI). 
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The later cross-cutting schistosity in the polite xenoliths 
is identical in field orientation and micro-texture to the wide-
spread S2 of the Moinian, and to the axial surface schistosity 
of the reclined D2 minor fold mentioned above. Therefore, the 
cross-cutting schistosity in the polite xenoliths and the main 
foliation In the granite sheets is assigned to D2 . 
4. 2 .4. The relationship of the granite sheets to 	structures 
A series of conjugate D3 monoclines and congruous minor 
folds fold the pelitea and granite shoots in the Garbh Alit. 
(of. 2.B.3.2. and see map V, Fig. 13). Two localities are of 
especial importance. The first is where a D minor fold with 
a vertical axial surface has deformed the polite bedding schistosity 
and a granite sheet (map V, NH 488876). The D 	 fold axial 
surface sobiatoalty continues into the granite sheet where it 
forms a strongly developed D3 foliation (Plate XXXII). 	The sheet 
shows no signs of the earlier D 2 main foliation. 
At the second locality at the waterfall (marked W on map 
V, NH 490875) vertical polite and a vertical granite sheet show 
structures (Plate XXXVI). The polite bedding sehiatosity 
is folded by D 3 crinkles which are situated on the limbs of a 
monooline. The granite sheet is in the vertical western limb of 
the monooline, and shows 1) 3 crinkles at its margins. The granite 
sheet contains two foliations like those described by Peach at al. 
(1912, p. 56, Fig. 6). One foliation is vertical and is probably 
the main D2  foliation. 	A later foliation crosses the main foliation 
and dips steeply westwards at about 80 0 parallel to the axial 
surfaces of the D3 crinkles. The later foliation is, therefore, 
probably D3 age. However, the axial surface of the monocline 
dips at about 150 eastwards. The monocline is believed to be of 
D3 age because its N-S trend is parallel to the trends of other 
monoolines in Garbh Alit which are known to be conjugate and of D 3 
age. 	It is inferred that the monocline has an acute hinge (which 
is not seen), and it is observed that it does not fold the 
crinkles which occur on both its limbs. Fifteen metres above the 
waterfall on Its eastern limb, a Z-shape congruent minor fold has  
folded the pelite bedding sehistosity and a thin D2-foliated 
granite vein. 	In the folded pelite a new axial surface sohiatosity 
is locally developed, which dips at an angle of !O east south- 
eastwards. 	This style of structure suggests a D age. 
4.3. The Structures of the Amphibolites of Glen Diebidale 
The amphibolite masses of Glen Diebidale are all affected 
by a main foliation (Fig. 19). 	In places the main foliation Is 
replaced by and is continuous with a hornblende lineation. 
Light green coloured coarse-grained amphibolites are inter-
mingled with dark green coloured fine-grained aniphibolites and 
darker green amphibolites composed of acioular hornblende crystals 
(L-teotonite, Flinn, 1965). 	The main foliation passes from one 
type of amphibolite to another unchanged in style and orientation. 
here the amphibolites are out by the later granite veins and 
larger patches of granite, they share the common main foliation. 
This is seen well in the bed of the Diebidale River below Coir a' 
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Ghaill (NH 463642) and in the upper reaches of Glen Diebidala 
(NH 445834, Plate XXV and of. Peach at al. (1912), p. 49 Plate V). 
In the Diebidale River (NH 4628142) granite and quartz 
veins have been intruded into the aniphibolitee. Many of the thin 
quartz veins have been folded by reclined minor folds of slightly 
variable southerly plunge, and which have southerly dipping axial 
surfaces. 	The main foliation in the aznphibolitea and in the 
granite veins is parallel to the axial surfaces of the reclined 
folds. 	These folds are Identical in style to the D 2 minor reclined 
folds in the Ioinian (Plate XXXVII). 	Therefore, it Is believed 
that the main foliation of the amphibolites is of D2 age. 	Further- 
more, the main foliation is refolded by minor nionoclinal folds 
which have narrow zones of a new axial surface foliation (33 ) 
trending across the main D2 foliation (Plate XXXVII). 	They plunge 
south south-westwards and the new foliation (3 3 ) dips steeply west- 
wards. 	The monoclines are correlated with the D 3 monoclinal folds 
of Garbh Alit and Cuoc nan Sac (of. 2.B.3.2.). 	More D3 monoolinea 
occur on Carn Chuinneag (NH 467844) where they fold the main D2 
foliation and thin concordant granite veins in the amphibolites 
(Plate XXXIX, xl). 
The amphibolites with L-teotonite fabrics consist mainly 
of hornblenda crystals up to 15 mine in length, and have sharply 
defined contacts against the foliated amphibolitea. 	The hornblende 
lineation is symmetrically related to, and continues into, the main 
D2 foliation and is therefore of D2 age. 
The Correlation of D2 Structures from the Noinian into the 
Carm Chuinneag granite 
It has already been concluded on the evidence from Garbh 
Alit and Glen Diebidale that the main foliation of the granite 
sheets and amphi.bolites is of D 2 age (of. 4.2.3. and 1.3.). 	It 
is observed that the main foliation of the granite theeta in Garbh 
Alit, which are comprised of typical 'Inohbae Rock', is identical 
to the main foliation throughout the Carn Chuinneag intrusion. 
Moreover, measurements of the. orientatiL;n (dip and strike) 
Of the D2 minor fold axial surface achistosity 	in the Moine 
rocks when plotted on the stereonet fall in aotly the same pole 
point concentration as the plot of the main granite foliation 
taken from the whole northern area of the pluton (Figs. 7 0 20), 
It is therefore concluded that the main foliation of the granite 
was formed during D2' 
The curvature of S and S' round the north-eastern part 
of the Cern chuinneag granite poses a structural problem which might 
be solved in one of two ways: 
A major south-easterly or south south-easterly plunging D2 
reclined fold might exist which contains the granite in its core. 
It follows that the main D 2 foliation in the granite may be parallel 
to a major D2 fold axial surface. 	A point in favour of this 
theory is that the Upper Pelite and Upper Psammite young towards 
the granite around its northern margins (see map III). 
i'be intrusion of the Cam Chuirineag granite may have 
caused a distension of the Moms country rocks. 	Points in favour 
of this theory and against the D2 major fold theory are as follows: 
The curvature of the strike of S0 and Si ' round the north-
eastern part of the granie is not paralleled by the Iloinian 
strike at the south-western end of the intrusion, i.e. 
-, , (NorL1-casJ) 
(sou c b - w 
does not occur, unless either the fold were boat-shaped or b':came 
tighter to the south-west, for which there is no evidence. 
No change occurs in the (5)-shapes of minor D 2 reclined folds 
around he nortb-east of te granite. 
() Weai<i - r fliaed and some unfoliated granite occurs at the 
north-eastern part of the intrusion (Fig. 19). 	Phis area would 
be situated in the core of the hypothetical major D 2 fold. It 
might be expected that a more intensely developed foliation would 
occur in the core of a major D 2 fold (of. 2.B.2.1.). 
(d) Locally to the north of the granite the axial direction of 
and D2 minor folds changes abruptly close to the granite margin 
(see Fig. f). 	An explanation for this may be that the intrusion 
has forcefully shouldered the country rocks and caused a rotation 
of the D, fold axes from a southerly to a westerly trend. 	The 
change in trend of D2 fold axes may be explained by the fact that 
was imposed on a variably oriented surface due to intrusion, 
and hence the intersection with S and S' was not constantly 
oriented. 
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The author concludes that theory 2 is the more plausible 
considering the lack of evidence in support of a major D 2 reclined 
or boat-shaped fold. 
4.5. The Structures due to D 3_and D Deforming the Granite Intrusion 
4.5.1. D, minor structures 
There is good evidence that the D 3 structures which fold 
the Moinian also fold the granite intrusion, and its main D2 foliation. 
D3 monoolines folding the amphibolites have already been described 
(of. 4.3.). 	Near Salachie ruined croft (NH 491877) contacts 
between a granite sheet and pelite are strongly folded by D 3 crinkles 
which fold the polite bedding sobistosity (S,') and the main 
foliation of the granite sheet (Fig. 21). 	More D3 crinkles fold 
the main D2 granite foliation at Carn Dubh well within the intrusion 
(NH 49386 3). 	The style and orientation of the crinkles are like 
those found in the Moinian folding the bedding schistosity (s1 ') 
and S2 .The D 3 monoclinea in C}arbh Alit fold the granite sheets, 
and have been described above (of. 2.B.3.2.). 
At scattered places in Coire Bog, north of Lochan a' Chairn 
(see map II, NH 525868) thin 5-10 centimetre thick aplite veins occur. 
Some are in line with the north-easterly attenuating Loohan a' Ohairn 
rock (Harker, 1962, p. 216, Fig. 1). Others, further east, are 
entirely separate from the Lochan as chalrn rock but consistently 
trend N.E.-2.W. Because of the limited outcrop, they can never 
be mapped for more than a few metres. They are foliated parallel 
to their straight margins which dip at between 65°  and 80 0 east 
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south-eastwards, and therefore trend at a high angle to the main 
D2 granite foliation. 	At one locality (NH 539837) a later 
foliation crosses the main D2 foliation and is parallel to an aplite 
vein and its foliation (Fig. 21). 	There is no direct evidence as 
to the age of this foliation and its related type in the aplite 
veins. 	It is most likely to be of D3 age, as it is clearly later 
than the main D2 foliation. 	Its unusual orientation is probably 
related to the original trend of the aplite veins. None of the 
aplite veins is affected by the main D2 foliation, which may have 
been completely overprinted by D 3 . The other possibility, that 
the aplite veins were intruded after D2 , is unlikely, since some 
are probably connected to the Lochan a' Chaim rook which has been 
deformed by D2. 
4.5.2. D3 major folds 
South of Carn Bhren (NH 520870) and at Leaba Bhaltair 
(NH 450830 ) the main D2 granite foliation is folded by antiforms 
(see map II). 	Their size and orientation is almost exactly like 
the major D3 anticline of Glenoalvie Forest (of. 2 .B.3. 1 .), and 
hence they are assigned to D 3 . 
4.5.3. D. major syncline 
In Chapter 2 (of. 2.A.3.), it was concluded that the major 
syncline of Freevater Forest was D 4 age. Taking the whole of the 
Cam Chuinneag granite on the Geological Survey of Scotland sheet 93, 
and the strikes of the main D2 granite foliation, it is apparent that 
the major D syncline folds the granite plutri slightly. 	Previous 
72 
researchers, including Haugh (1964), seem to have overlooked this 
important structure of the granite pluton. 
4.6. The Micro-Fabrics of the Carn Chuthneag Granite 
On the basis of the fabric diagrams in Phillips (1937, 1945) 
Johnson and Shepherd (19709 in press and of. 6B.) concluded that 
the B-tectonite fabric in the Moine rocks and in the Carn Chuinneag 
and Inchbae granites is of D2 age. Johnson and 11hepherd (op.cit.) 
have observed that the D2 folds of the Carn Chuinneag area correlate 
with the fold mullions in Strath Oykell (Phillips, 1937, P. 590, 
Fig. 2; and Wilson, 1953). 
Phillips's (1937, 1945) fabric data do not contradict the 
structural sequence (D1-%) of the Cern Chuinneag area in any way, 
nor do they contradict the timing of the main metamorphism (after D 2 ) 
of the Moinian or Carn Chuinneag granite (cf. Fig. 16 and 4.7.1.). 
However, with micro-fabric analysis of poly-deformational 
teotonites certain difficulties arise-which have not yet been 
resolved: 
there is a lack of knowledge concerning the origin of 
crystallographic preferred orientation in tectonites. 	The 
relationship of crystal lattice orientation to a texture in a 
teotonite is not fully understood. 	Thus a certain amount of care 
must be exercised in the interpretation of fabric analyses. 
in tectonites like the Moinian of the Cam Chuinneag area 
the micro-textures show that two or more generations of quartz (and 
other minerals) exist which relate to syntectonic crystallisation 
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and to post-tectonic annealing recryataflisation. 	Thus the 
difficulty arises in micro-fabric measurement of obtaining either 
a composite result, or if measurement is selective according to 
mineral generation(s) of interpreting the result. 
A good deal is known about the way in which crystals and 
crystalline aggregates deform, reci'ystalliae and produce a fabric 
(Carter, Christie and Griggs, 1964; Grigga, Paterson, Heard and 
Turner, 1960), but little is known about the effects of static 
annealing recryatallisation on an existing syntectonic fabric. 
Moine rocks are in this category, and so (b) above may be important. 
Metallurgy has only a limited application to polycrystalline ailloates, 
although deformed or undaformed metals which are subsequently cold 
or hot-worked form remarkable fabrics with strong preferred 
orientations (Barrett, 1952). 	This matter has been discussed by 
Burke and Turnbull (1952)9 and the applications to metamorphic 
petrology are discussed by loll (1960) and Flinn (1965a). 
Despite the uncertainties it seemed justifiable to investi-
gate a limited number of carefully chosen Carn chuinneag rocks in 
order to: 
confirm the existence of Phillips's (1937, 1945) B-tectonite 
micro-fabric; 
attempt to assign this micro-fabric to one of the defor-
mations recognised here; 
find out whether D3 had an effect on the fabrics of the area. 
A further difficulty arises in the Carn Chuinneag area, for often, 
D1-D3 structures are nearly co-axial and therefore D1 , D2 and 
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girdles would be expected to have a similar orientation. 
The following rooks were analysed measuring quartz optic 
axes on a universal stage microscope, and the results are 
presented in the table (page 75) and in Figure 22. 
The present author's fabric analysis is in general agreement 
with that of Phillips (1937, 1945) and indicates that the Cam 
Chuinneag granite is a B-teotonite like large areas of the northern 
Noinian. The south-easterly plunging girdle axis is geometrically 
related to S2 in the Moinian and the granite. 	Therefore, the B- 
tectonite fabric is assigned to D 2 . 
The psammite, however, (3 in table below) which is also a 
B-teotonite yields a different south south-westerly plunging girdle 
axis which is apparently unrelated to D 2 . This girdle axis 
probably relates to the D1 grain alignment lineation of the Cons 
Chreag area. 	In this context the 'homnfela' (2 in table below) 
is important (see also Fig. 22 and Phillips, 1945, p. 210, Fig. 10). 
Its random fabric shows that the D 1 grain alignment lineation may 
have been obliterated In the granite aureole by the growth of the 
deoussate texture, which on static recryatallisation after D2 (• 
3.9.7.) has retained Its random fabric. 
Two more rocks were measured which deserve a brief mention: 
(a) 	a garnet mica-sohist (4 In table below and Fig. 22), in 
which two generations of quartz crystals occur and these were 
recorded separately. 	Although the rock is a B-tectonite (of. 
Phillips, 1937s p. 616 9 Dl, D5 9 D9) the two girdle axes which 
emerged do not appear to relate to the axes of D2 or D3 . 	The static 
Table of Micro-fabric Data 
Specimen Locality Structure(s) in 
hand specimen 
Direction 
of out Giidle axis 
Carn Chuinneag South of main D2 at 90° to Plunges S.E.- 
granite summit of foliation foliation typical 
Carn Bhren 11 to strike B-tectonite 
(NH 527877) 
Hornfels Carn BAaa Bedding at 90° to S' None. 
(typical) (NH 5318tiLi.) schistosity and II to Random fabric 
(31 
 t) strike 
Psammite Coma chreag Bedding at 900 to S' Composite, but 
nan Clach achistosity and lineation ' 	 plunging 
(NH 573890) D1 quartz grain axis present 
penetrative related to D1 
lineation  
L. 	Garnet mica Ridge north of Strongly at approx. 45 
 Simple B-teotonite 
-schist summit of developed S2  and to trend of fabric; 	
ambiguous 
(within Carn Salochaidb D3 crinkles both D 	and and apparently 
to D unrelated aureole) (NH 520890) D3 whiih are 
at 90 0 to one and D3 in Fig. 22. 
another. 
FIG. 22 MICRO—FABRICS OF THE CARN CHUINNEAG AREA 
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annealed quartz may have modified the preferred orientation of 
quartz c-axes due to synteotonic 1)2 and 1)3 crystallisation in some 
unknown manner. 
(b) 	quartz optic axes were measured on a granite sheet in Garbh 
Alit which contains a D3 foliation (of. 4. 2 .40. 	The result, 
which is not figured, was a southerly dipping girdle axis which 
could relate to either D or 1)3 . 
4.7. The Metamorphism of the Carn Chuinneag Intrusion 
It was mentioned above (of. Li.) that several types of 
ortho-gneiases (gneissic granit 	exist which reflect the former 
igneous mineralogy. 	The assemblages are described by Harker (1962) 
and essentially consist of quartz, orthoclase, niiorocline, biotite 
and muscovite. They are indicative of medium Amphibolite Facieg 
grade of metamorphism. 
4.7.1. The textures of the main _LD2 foliation. 
The textures vary depending on the foliation intensity. 
The large crystals of potash-feldspar (up to 1 cm. length) are 
relic igneous, and form the centre of augen - the 'eyeball' 
(Ohta, 1969). 	It is not possible to identify all five domains 
of an augen unit as defined by Ohta (1969), butthree domains are 
present: the central potash feldspar crystal; the pressure shadow 
areas; and the quartz/feldspar groundmass outside the augen. 	The 
central potash-feldspar crystals often show a shadowy extinction 
which is caused by the formation of miorooline from the orthoclase 
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(Harker, 1954a)(Plate XLII). 	In some of the Garbh Alit granite 
sheets the large potash feldspar crystals have reorystallised 
entirely to mosaics of microoline. The stronger the main D2 
foliation the more inversion of orthoclase to microcline has occurred. 
The pressure shadow areas contain mosaics of tiny, equi-
dimensional granob].astio polygonal quartz grains (spry, 1969) 
ranging in size from about 0'05-01 mm. They are unstrained and 
recrystallis ad. 
In general the groundmass of the granites Is comprised of 
a mosaic of equidimensional granoblastic polygna1 quartz and 
potash-feldspar grains ranging in dimension from 02-10 mm. 	Some 
of the quartz has deformation bands, but most is strain free. 
The micas, biotite and muscovite, are usually present in 
about equal amounts, and are almost always straight and recriyatallised, 
showing a large range of length from around 02 mm-0- 8 mm (of. 3.2.3.). 
They are aligned in the planes of the main D 2 foliation which curves 
round the augen with the straight mica crystals tangentially 
arranged. 
The age or the main granite foliation has been proved to 
be D2 (of. 	 The granites have been statically annealed 
after the syntectonlo crystallisation which must have accompanied 
the formation of the main D 2 foliation. 	The untoliated granite 
at Carn an Liath-bhaid (NH 550870) shows identical static reoryatal-
lisation textures but without augen and planar micas. 
Occasional spongy, poikiloblastic garnets occur In gneiss 
groundmaesea. It is not clear whether these are Igneous garnets, 
or whether they are of metamorphic origin. Harker (1962) discusses 
iLJ 
this question, and concludes, as does the present writer, that they 
are metamorphic. 	They have grown in the groundmass mosaic inclu- 
ding random equidimensional reorystallised quartz grains. However, 
unlike Harker (1962) the present author did not find any correlation 
between the amount of garnet present and the foliation intensity. 
4.7.2. 	The textures of D3 crinkles and D3 foliation 
At Carn Dubh (NH 49164) and near Salachie ruined croft 
(NH 491877) the main D2 granite foliation is folded by D 3 crinkles 
(Plate XXXIV). At the latter locality pelite and granite sheet 
are crinkled alike (cf. 	 The texture of the granite sheet 
is entirely recrystallised, and is very similar to granite with 
the main D2 foliation, except that straight crystals of biotite 
and muscovite are arranged tangentially to the crinkle hinges. 
This is typical of many of the mica textures in the D 3 crinkles 
in the Moinian (of. 3.2.4. and 3.7.5.). 	The crinkles at Cam Dubh, 
however, contain micas which are still bent and strained, a feature 
which is also found in many Moinian D3 crinkles. 
The two granite sheets In Garbh Allt with D 3 foliation are 
important (cf. 	 They show reorystallised textures of the 
type described above and the one near Salachie ruined croft with a 
vertical foliation could not be distinguished texturally from a 
granite with the main D2 foliation were it not for the field 
evidence. 	The vertical granite sheet at the waterfall, with both 
and D3 foliations, is texturally difficult to interpret. Two 
mica alignments cannot be distinguished, because micas are arranged 
tangentially around augen and there are no marked differences in 
mica lengths. 
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The micas are recryatalileed and show identical brown pleochroism. 
Some of the quartz is finer grained (01-03 mm) in the groundmasa 
than a typical granite with only the main D2 foliation, and it may 
be related to D3 when quartz grains were possibly comminuted during 
synteotonlo oryatallisation. They are now reorystallised, forming 
a granoblastie polygonal texture. 
4.8. The Araphibolltea 
The essential minerals of the amphibolites are amphibole, 
plagloolase, aphene and epidote, with variable amounts of quartz 
and biotite. 	Harker (1962, P. 217) discusses the mineral 
assemblages, and has recognised four kinds of amphibole, two of 
which are the more important: a brown variety of igneous origin, 
and an abundant green type. He states, "The ubiquitous green 
hornblende increases at the expense of all other amphiboles as 
reorystallisation during metamorphism proceeds and appears to be 
the most stable amphibole under the conditions of metamorphism". 
4.8.1. The texture of the main D, foliation 
It is the green hornblende, forming crystals up to 1 mm 
in length, which is aligned in the axial surfaces of D2 minor 
folds in the amphibolitee (of. 4.3.) and thus defines the main 
foliation throughout them (Plate xxxVIII). 	It also forms the 
mineral lineation in some of the amphibolites. The green horn-
blende is always straight and unstrained except where involved in 




The light-coloured coarse grained arnphibolitea contain 
much plagioclaae-which forms the large crystals at the centres 
of augen, like the potash-feldspar in the gneiesea, 	The augen 
textures are identical to those of the gneisses, with large 
amounts of granoblastic polygonal quartz in the groundinasses. These 
rocks were probably diorites. 
The dark-coloured amphibolites contain little quartz, and 
have large amounts of green hornblende lying along the main 
foliation. 	Between the hornblende, granobleatic polygonal plagio- 
clase crystals (02-06 mm dimension) form the groundmaas. 
Unfollated amphibolites from Cnoc na Tairbhe (Nil 4838720 
map II) also contain green hornblende. Their textures are relic 
igneous with no preferred orientations of hornblende or biotite, 
but the qUartz and plagioclase mosaic is granoblastic polygonal 
like the foliated types. 
4.8.2. The textures of D
I, 
 minor folds 
The minor folds are crinkles and monoclines, deforming the 
main 1)2 foliation. 	In the crinkles green hornblende and biotite 
are unstrained and arranged tangentially to their hinges. Neither 
hornblende nor biotite have grown parallel to the axial surfaces 
of the crinkles (Plate XL). 
In the monoolinea, however, green hornblende and small 
amounts of biotite are straight and strongly aligned in a narrow 
belt of D3 axial surface foliation (83 ). 	 The lengths of these 
green hornblendes which recrystalliaed after D 3 ranges from 02- 
07 mm. 	The timing of this relatively late recryetalliaation 	is 
in agreement with that in the Moinian (cf. 3.2.4. and 3.7.5.) and 
the granites (of. 4.7.1.). 
4.9. A Summary of the Evidence Proving the Intrusion of the Cam 
Chuinneag granite between D,1 and D2 . 
There is a consistent agreement in the orientation of 
the Moinian With the main foliation in the granite (Figs. 7, 
20). 
S2 crosses the bedding schistosity 	in the pelite xenoliths 
of Garbh Alit and forms the main foliation in the granite sheets. 
Granite sheets in Garbh Alit out the normal and inverted limbs 
of a medium scale D, fold without a change in the angle of dis-
cordance between S' and the margins of the granite sheets. 
Li.. The earliest structure in the amphibolites is a widespread main 
foliation which is parallel to the axial surfaces of minor 
reclined D folds. (Plate XXXVIII). 
There is a complete absence of the D,1 grain alignment lineation 
in the granite aureole and throughout the Carn Chuinneag 
intrusion. 
The main periods of crystallisation of minerals in granite and 
country rook can be shown by structural dating to be ayflOhZ'OflOUS. 
D has deformed 82 in the Moinian, and 
the D2 main foliations 
of the granites and amphibolitee alike (map II). 
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5. THE MOIN IAN STRATIGRAPHY 
5.1. 	The stratigraphical and lithologloal nomenclature used 
in this chapter is based on that employed by Johnstone et al. (1970 ). 
The Moine rocks of the Carn Chuinneag area can be divided 
into four main parts as follows:- 
Li.. Upper Polite (equivalent to the 'homnfalses' in the aureole 
of the Cern Chuinnoag granite) 	700-900 metres 
3. Upper Psammite (including an upper 'pebbly' part 
about 3,450 metres thick) 	 9,990 metres 
2. Lower Polite 	 1,640 metres 
1. Lower Psammite (base not seen in Rhidorrooh Forest) 	4,000 metres 
The four parts are approximately equivalent to the four 
divisions mapped by Peach et al. (1912). 	The above thicknesses 
have been estimated for the Noinian outcropping between the Moine 
Thrust and the north-western margin of the Cern Chuinneag granite. 
Reliable current bedding shows that almost the entire succession is 
'right way up' to the north and north-west of the granite. North-
east of the granite the succession is essentially 'right way up' and 
youngs westwards (see map III). 
The total thickness of about 16,000 metres (16 Kms) for 
the four parts represent the thickest continuous succession of 
Moms rocks so far recorded (of. Johnstone et al., 1970, P. 178 
for comments). 
5.2. Details of the Succession 
The table below (5.3) summarises the successions across 
the Carn Chuinneag area. 
In general the Moinian of the Cern Chuinneag area contains 
abundant sedimentary structures which have been invaluable in 
ascertaining the 'way up' of the sequence (Plates XLIII, XLIV). 
The Upper and Lower Pelitee contain ripple laminations, whereas 
the more massively bedded Upper and Lower Psammites contain current 
(cross) bedding (McKee and Weir, 1953). 	Map III (in back pocket) 
gives an indication of the distribution and density of occurrence 
of current bedding and ripple laminations across the area. 	The 
abundance of these sedimentary structures made it unnecessary to 
search for graded bedding, although the latter occurs in restricted 
bands in some of the psaznmites. 
The Upper Polite shows a change of sedimentary facies from 
west to east across the area north of the granite. 	On Cnoc nan Sac 
the Polite contains no cab-silicate bands, whereas they are re-
latively common in its outcrops on Carn Bhrcn and Carn Salochaidh. 
Some of the Upper Polite comprises semi-pelitic sohists (map V) 
and generally in the north-western parts of the granite aureole 
the 	 contain recognisable pseudornorphe, for reasons 
given above (of. 3.7.1. and 3.7.3.). 	The thickness of the Upper 
Polite remains fairly constant, until south-westwards along the 
Diebidale Ridge the 'homntelaes' completely disappear (maps I, II, 
NH 430840)  due to a change or sedimentary fades, and not to 'cut-
out' by the granite pluton as considered by Peach et al. (1912). 
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5.3. Table of Moinian Succession in the Carn chuinnea& area 
North-western aureole 	North-eastern aureole 
(cnoc nan sac, Mullaoh (carn an Liath-bhaid, 
Creag Riaraidh) 	 carn Bliren) 
d. Paammitio schist 
c. GamnetiferOUs psammitic 
Li.. Upper 	
schists 
Polite b. Fine grained pelites 
(sequence) 	(stripy and undaf armed) 




and thin cab-silicate 
bands, 5-10 cm thick 
Massive p8au3mitea (psamxuitic 
3. Upper 	granulites) - upper part 'pebbly', and scarce 
Psammite 
	
	 Pelite bands, 10 cms thick 
f. Garnet mica-sohieta (with garnets 2-3 mm dimension 
common). 
e. Flaggy paanmiitio sohiats with subordinate semi-
2. Lower 	 polite bands. 
Pelite 
(sequence) 
d. Garnet mica-schista 
c. Massive peammite (psammitic granulite) band about 
16 metres thick 
b. Psammitic achiats 
a. GarrietiferOUs peanimitic sohistø containing cab-
silicate bands which are 10-15 onis thick 
1. Lower 	Massive psammites (psammitlo granulites) with scarce 
Psammite 	 polite bands 
5.4. stratigraphical Correlati 1.on 
Tanner et al. (1970) and Johnstone et al. (1970) have 
divided the Moinian of central/southern Rosa-shire and western 
Inverness-shire as follows:- 
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3. Loch Eli Division 	) 
) form the Ross-shire Nappe. 
2. Glenfirinan Division ) 
Sgurr Bee g Slide 
1. Norar Division - forms the Gleneig Nappe. 
Tanner et al. (1970, p. 301, Fig. 1) postulate that the 
Sgurr Beag Slide trends north-eastwards through the Ben Wyvis area, 
along the western boundary of the thick polite band. According to 
these writers the Moinian of the Cern Chuinneag area is west of the 
Sgurr Beag Slide and belongs to the Morar Division. 	It this is so 
then the Lower Polite of the Cern Chuinneag area can be correlated 
with the Striped and Politic Group (Richey and Kennedy, 1939) and 
the Ladhar Beinn Polite (Ramsey and Spring s 1962). The Lower Polite 
in the Cam Chuinneag area is non-hornblendic and contains only 
scarce cab-silicate bands. 	Also, the Morar Division of the Loch 
Hourn and Gbeneig area is in continuity of outcrop northwards 
through Fannich Forest into the west of the Cern Chuinneag area. 
There is the possibility, however, of large scale sedimentary 
facies changes, In which case Ghe Lower Polite in the Carn Chuinneag 
area might be a different polite not represented further south, 
although proof is lacking. 
Johnstone et al. (1970) tentatively assiga the thick polite 
band which strikes north-eastwards from Loch Luichart to the Glen-
finnan Division because of the discovery In the band of hornblendio 
pelitea north of Loch Luichart and on the coast of the Kyle of 
Sutherland. 	To the east the thick polite is overlain by a peaniulte 
which youngs eastwards and is tentatively correlated with the Loch 
EU. Peammite. 	The axial trace of Clifford's (1960) F1 Tarvie 
Syncline is within this psammite. 
The present author has observed in the ground east of the 
Carn (huinneag granite, that the Upper Polite and Upper Psamniite 
young westwards (map III). 	Thus the psammitic rocks on each side 
of the thick polite band young in opposing directions and are 'right 
way 
The problem arises concerning the stratigraphioal and 
structural relationship of the paammites. 	There are two possible 
solutions for the problem: 
the existence of an unknown ?antiolinal major fold with an 
axial trace trending NE.-S.W. through the area of Creag Braigh 
an t-Stratha (NH 565790). 
a northern extension of the Sgurr Beag Slide as postulated by 
.anner at al. (1970). 
The possibility of a northern extension of the Sgurr Beag 
Slide is the more likely of the two propositions because of the 
extensive occurrence of the slide in southern/central Ross-shire 
and western Inverness-shire. A firm solution of the problem awaits 




The Moinian of the Carn (ibuinneag area contains four 
sets of structures developed in deformations D 1-D. The 
regional bedding sohistosity and the related ubiquitous quartz 
grain alignment lineation were formed in Di . 	S2 is a widespread 
upward facing schistoalty associated with common reclined D. foldB. 
D  formed a major anticline in Glencalvie Forest, abundant crinkles 
throuaout the area, but a widespread sohistosity did not result 
from this deformation. 	D formed the major syncline of Freevater 
Forest, sporadic minor open folds, but did not form a lineation 
or a schistoelty. 
The Cam Chuinneag intrusion is a granite pluton containing 
large irregular inclusions of amphibolite and has minor sheet-like 
apophyses extending into the Moine country rocks. The intrusion 
occurred after D1 in static conditions. The Moinian envelope was 
distended. 	Structure contours suggest that the intrusion was 
originally a sheet-like pluton about L. kilometres thick. 
The main foliation throughout the pluton and the sheet- 
like apophyses is equivalent to S in the )Ioine rooks. 	Locally D3 
formed narrow zones of foliation which out the main foliation. D 
slightly deformed the whole of the pluton. 
Li.. 	The earliest metamorphism of the Moinian, synchronous with 
D10 was to a low grade, as is shown by the grain alignment fabric 
of psammitic rooks. 	The Cam Chtiinneag intrusion resulted in 
contact metamorphism at Hornblende Hornfels fades grade and formed 
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andaluaite- and oordierite-bearing assemblages in an aureole which 
18 1-1'5 kms wide. 	These assemblages were overprinted prior to, 
during, and after D2 by the effects of regional metamorphic 
minerals which attained Amphibolite facies. 	Zoned garnets grew 
during the regional metamorphism and occur throughout the politic 
Moine rooks of the whole area, but kyanite and staurolite are 
confined to the granite aureole. 	Some kyanite replaced andalusite. 
On the basis of D2 structures the Amphibolite facies metamorphism 
of the Moinian can be shown to be synchronous with that of the 
granite pluton. 
5 	Four 'right way up' stratigraphio sub-divisions of the 
Moinian have been mapped, and they attain a thickness of about 
16 kilometres between the Maine Thrust and the Carn Chuinneag 
granite. 	The four sub-divisions are correlated with the Morar 
Division rocks which extend northwards from western Inverness-
shire and southern/central Ross-shire. 
6. 	A north-south trending fault through Glenoalvie has 
fractured the Moinian and the Carn Chuinneag granite. Oblique 
slip ainiatral movement along the fault plane has downthrown the 
Upper Pelite and Upper Psaminite to the east, and horizontally 
moved them approximately 3 kilometres northwards. 	The fault is 
probably a northward continuation of the strathoonon Fault which 
occurs in Inverness-shire and central/southern Ross-shire. It 
resulted from the latest brittle movement recognised in the Cam 
Chuinneag area. 
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6B. Conclusions bearing on the correlation with adjoining areas 
1. Notes on the age of metamorphism of the Moinian 
by M.R.W. Johnson and J. Shepherd 
Grant Institute of Geology, University of Edinburgh 
ABSTRACT 
A poet-Cambrian age for the main metamorphism of the 
Moinian is supported by recent work in the Carn chutuneag-Aesynt 
region. 	The earliest structures in the Moinian ante-date the 
530 my old Carn Chuirineag granite and can only be assigned to the 
post-Cambrian orogenesis if a minimum age of 530 ± 10 my is assumed 
for the Cambro-Ordovician boundary. 
New work (by 3.3.) on Cam Chuinneag, along with our joint 
observations in adjacent regions, has led to the following 
conclusions: 
The earliest structures in the Carn Chuirineag granite are 
equivalent to the second of four sets of structures (D-D4) found 
in the Moinian (cf. Long and Lambert, 1963, p. 243, and Haugh, 
l96L). 
The main metamorphic crystallisation (amphibolite-facies) in the 
Moinian of the Carn Chuinneag area occurred during and after the D2 
episode. 	Prior to granite intrusion the Moinian was foliated but 
in a metamorphic facies no higher than green-sohiet. (pace, Long 
and Lambert, 1963, p. 243). 
C. 	It is likely that D2 structures persist at least as far west 
as the l4oine thrust. 	Most if not all of the "Phase la and b" 
structures recognised in the Assynt region by Christie (1963) belong 
c.o the same deformation episode as the D 2 structures. 
2he regional B-tectonite fabric (Phillips, 1937) is assigned 
to the D2 episode because it is (a) related to D2 folds in Strath 
()ykell and (b) later than the Carrx Chuinneag/Inchbae granites and 
the associated hornfels (Phillips, 1937, Plate XXV, D. 25 0 26; 
1945 0 p. 210); it is symmetrically related to D 2 structures in 
these granites. Thus, over large areas of the northern Moinian 
the main metamorphic fabric is associated with or later than, 
the D2 structures. 
It is inferred that the main regional metamorphism and the D2 - 
structures, in the Noinian of northern Ross-shire and Sutherland, 
post-date the intrusion of the Carn Chuinneag granite which is 
radiometrioally dated at 530 ± 10 my. 
XRb 8 = 147 x 10 11yr 
(Long and Lambert, 1963; Long, 1964). 	We accept the view that 
the D2 B-tectonite fabric (, above) is represented in the Canibro-
Ordovioian rocks of the Assynt region (Christie, 1963, p. 403). 
Hence the maximum stratigraphical age for these (D2-D4) orogenic 
events is late Arenig or early Llanvirn (Higgins, 1967). 
The minimum radiometric age for the pre-granite D 1 structures 
is 530 + 10 my. Unless these structures are pre-Ordovician in 
age, and thus considerably older than D2-D] events, it follows 
that the base of the Ordovician is at least 530 + 10 my old (see 
Pidgeon, 1969, p. 385 for comments on the reliability of the 500 
my date for the Cambro-Ordovician boundary, as suggested by Holmes 
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and Icuip). 	A Cambrian, or even Pre-Cambrian age for D1 is not 
ruled out but Johnson (1965a, p. 674 and 1965b, p. 148) 
has already given reasons for supposing that the earliest structures 
in iioinian are post-Lower Ordovician. 
Clifford (ID) recognised three, sets of structures in the 
Loch Luichart area, Ross-shire. 	His F Tarvie Syncline probably 
correlates with the D folds which occur to the north-east of the 
Cam Chuinneag granite and which have the same direction of axial 
trace. 	Clifford (1960, p. 388) believes that "the earliest 
sohiatosity found in the area is that referred to .... as bedding 
foliation", and this schistosity is correlated with the develop-
ment of the Tarvie syncline. 	The bedding schiatosity of the Cam 
c2iuinneag area is of D age. 
It is probable that Soper's (1 963 9 p. 449) F1 minor folds 
found in the Moms country rocks of the Rogart Igneous Complex 
correlate with the D2 folds of the Cam Chuinneag area. 	Soper's 
earliest folds which are not designated by a sequence number, may 
correlate with the D1 folds of the Cam ch.uinneag area (see Soper 
1963, p. 476 for comments by Rast). 
Tanner at al. (1970, p. 303) conclude that in western 
Inverness-shire and central/southern Ross-shire the Sgurr Beag 
Slide surface separates a lower structural unit called the Gleneig 
Nappe from an upper structural unit, the Ross-shire Nappe. 	They 
state that although the slide surface is folded by late folds, It 
dips eastwards on a regional scale (p. 303). 	It this is so the 
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Cam Chuinneag area is a part of the Gleneig Nappe below the Sgurr 
Beag Slide. 	Their evidence suggests "that the slide movement 
took place at some time between the first folding and the end of 
the second folding". 	If the first and second folding and subsequent 
static metamorphism of western Inverness-shire and southern/central 
Ross-shire correlate with the D, and D 2 structures and post-D2 
static metamorphism of the Carn Chuinneag area the following 
conclusions may apply:- 
the Sgurr Beag Slide may be approximately co-eval with or 
later than the Carn Chuinneag intrusion. 
if the Sgurr Beag Slide is later than tue Carn Chuinneag 
Intrusion it could explain the thickening of the crustal 
pile above the granite pluton, that is suggested by the 
replacement of andalusite by kyanite in the granite 
aureole. 
the Sgurr Beag Slide might eventually be used as a time 
marker in the Moinian, to enable fold correlation over a 
wide area. 
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folds and the facing of a, north-east of the Carn Chuinneag  
Trtmiirni - 
All D, medium scale and minor folds are cylindrical. 
Di  folds north-east of the Cam Chuinneag intrusion are upright 
plunging similar folds, iihoreas D, folds to the north and north-
west of the intrusion are recumbent. The orthogonal thickness of 
the folded bedding layers in D i folds changes from cores to limbs 
according to a ratio of 2:1 or 3:1. 
It has been found that the Upper Polite and Upper 
Psammite are fright way up to the north and east of Cam Chuinneag 
intrusion (see Map III). The eight D 1 medium scale folds which 
occur to the north-east of the intrusion are upright plunging 
folds'which have nowhere inverted the Upper Polite or Upper 
Psammite. 	It was noted above (of. 2.A.1. P. 7) that tight minor 
D1 folds in the Upper Psammite show a vertical S,which cuts 
across 	These minor folds are congruous to the medium scale 
folds. Therefore, throughout the tight D1 folds S1 is upward 
facing. 
102 
Appendix 2 (an addition to 2.B.2, 2.B.2.1 
and 2.B.2.2.) 
DP  structures and the facing of S . in the Carn Chuinneag area. 
inclined plunging and reclined minor folds are cylindrical 
concentric folds. 	They fold S' (of. 2.A.1. p. 8) which has been 
found with only one exception in Garbh Alit to be 'right way up' 
across the whole of the Carri chuinneag area (see Map III). 	S2in 
inclined plunging D2 folds clips more steeply than S' and is, 
therefore, upward facing (of. p. 14). 
However, the majority of D 2 folds in the Carn chuinneag 
area are reclined (of. pp. 159 17) and show consistent (3)-shapes. 
It follows that S2 in these folds is sideways facing, and because 
the folds plunge southwards or south south-eastwards (of. p. 14) 
S2 Is either sideways-eastward or - east north-eastward facing. 
In Garbh Alit (NH492880) S2 outs the inverted limb of a 
medium scale fold more steeply than el"  and Is therefore 
downward facing. 
It was noted above (pp. 16-17) that S2 often occurs without 
associated minor folds. At these localities, and other places 
such as Mullach Creag Riaraldh (N H453846), ønoc bad na d-Olche 
(NH554884) end MeaU Bhenneit (N1I546834) S2 dips more steeply than 
31' and Is therefore upward facing. 	The style of this S is 
different from that found In the cores of D 2 folds. 	Instead of 
micas forming a 	 arrangement, two distinct mica 
alignments occur. 	Some micas are aligned parallel to S 1 1 , whilst 
others of larger dimension are aligned separately in S 2 (cf. 3.2.3. 
p. 25). 	As noted above (pp. 25 -26) at some localities 3- has been 
obliterated by the development of 
Appendix 3 
Determination of the composition of plagioclase feldspar in the 
Moinian of the Cam Chuinneag area. 
Six rocks were selected for determination of the 
composition of plagioclase feldspar in thin section using a 
universal stage microscope. 	Approximately twenty plagioclase 
feldspar crystals per thin section were examined. 	Plagioclase 
crystals showing only well defined albite twinning were selected. 
Their maximum extinction angles were determined for both sets of 
lamèllae, and a crystal was only accepted where the difference in 
extinction angle was no greater than 1 0 . 	The composition 'of the 
plagioclase feldspar was determined, from standard Michel-Levy's 




'hornfels' (367* - Cam Bhren, N11526875) - 
'hornfels' (380* - Cam Beag, N11527877) - 




contains An 12 
contains An 
14 
contains An 47 
garnet-mica schist (1283* - above Toll Loohan, 
NH333879) 	- 	contains An 13- 
garnetiferous psammitic schist (1286* - near 
Toll Lochan, NH332882) - contains An12 
calc-silicate rock (1010* - Alladale River, 
NH439895) - contains An44  
* refer to the Cam Chuinneag collection housed in the Grant 
Institute of Geology, Edinburgh. 
lOL'. 
The composition of the plagioclase feldspar in the 
pelites of the Cam Chuinneag area is oligoclase. 	The plagio- 
clase in caic-silicate bands is much more cable and is andeelne. 
This difference in composition between pelitic and calcareous 
rocks suggests that one of the important factors controlling 
plagioclase composition in the Molnian of the Carn Chuinneag 
area is the bulk composition of the original sediments. 
The occurrence of oligoclase 	'12-1 	pelites is 
indicative of metamorphism In the middle range of the amphibolite 
fades, and is compatible with the mineral assemblages developed 
in the area (of. 3.1). 

II. D1 6ight minor fold and a handapecjmen 
of the D1 quartz grain alignment lineation,, 
on Cona Chreag. 
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III. D2 fold mullions on Cnoc nan Sac. 
IV, D4 monocline on Neall a' Chaorulnn. 
I,'. 
Iv. 
V. Photomicrograph of bedding sohi8tosity 
(ordinary light, X2). from Abhuinn a' 
Choire Bhuig. 
VI. Photomicrograph of S in paammltic sehists 
of Gleam Beag (x polara, X2). 
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VII. Photomicrograph of D crinkles from 
the ridge north of Carn Saloohaidli 
(ordinary light, x2). 
VIII. Photomicrograph of D crinkles and 
oslo-silicate band from Creag C}hlas 
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IX. Photomicrograph of texture in a D monooline 
from Meall a' Chaoruinn. 
(ordinary light, 	). 
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X. Photomicrograph of ayn-D 2 garnet Inner zones, 
and post-D2 static garnet outer zones, and 
cab-silicate band, Creag Ghlas 























A "I- p.c*llt.J,tFI 	 : 
XI. Photomicrograph of zoned garnets from 
Lower Polite of Glenoalvie Forest 
(ordinary light, X9). 
XII. Photomiorograph of the granoblastic 
polygonal quartz texture and the 
dimensional preferred orientation due 
to D metamorphism, from Cons chreag 
(X polars, x9). 
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XIII. Photomicrograph of garnetifercue hornfels, 
Cai'n Bhren. 
(X polars, X9). 
XIV. Photomicrograph of 'bornfe1s'iowing relio 
decussate texture (x polars, X91]arn Bhren. 
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XV. Photomiorograph of S Salochaidh ridge. 
(ordinary light, X2). 
XVI. Photomierograph of S2 in D fold mullions 
Of Cnoo nan Sac. 
(ordinary light, X2). 
psommitjc schist 
SQ ,S 
garnetiferous psarrimitic schist 
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aligned in S2 from Cnoc nan Sao 
(ordinary  
XVIII. Photomicrograph of andalu8ite paeudomorphs 
and zoned gamete, Mullach Creag Riaraicth 
(ordinary light, X9). 
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XIX. Photomicrograph of D folds, Cern Bhren summit. 
(X polars, X2). 
XX. Photomiorograph of zoned gamete (inner zone 
includes 	from Cnoc na Tuppat 
(ordinary light, X2). 
outer zone 
inner zone 
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XXI. Photoniierograph of zoned garnets in 
andalusite pseudomorphs, Nullach Creag 
Riaraidh. 
(ordinary light, X9). 
XXII. Photoraiorograph of zoned garnets with 
partial overgrowth of outer zones, Cnoc 
na Tuppt. 
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XXIII. Photomicrograph of zoned garnets In 
Lower Polite, crags north side of Coire Mor 
(ordinary light, X9). 
XXIV. Photomiorograph of kyanite and stauroilte 
porphyroblaats with large unzoned garnet 
including S, Mullach Creag Riaraidli 











XXV. Granite veins traversing amphibolite in 
Glen Diebidale. 
XXVI. Granite veins intruding the Upper Pelite 
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XXVII. The margin of a discordant granite 
sheet in Garbh Alit. 
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XXVIII. Polite xenoliths above the waterfall 
in Garbh A11t 
(locality (a), map V). 
XXIX. 	Photomicrograph of polite xenolith 
margin, showing the main granite sheet 
foliation continuous with S2 in the 
xenolith 
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XXX. Polite xenolith at locality (b) map V. in 
Garbh Alit. 
acxi. Photomicrograph of a granite sheet margin 
showing S 
2  in the Upper Polite passing into 
the granite sheet main foliation in 
ckarbh Alit 
(ordinary light, X2). 
—mair-, foliation 
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xoaI. 33 in a D minor fold continuous with the 
vertical D 3 foliation at a margin of a 
granite sheet in Garbh Alit. 






XXXIV. Photomicrograph of D crinkles folding the 
main D2  foliation in a granite sheet at 
Salachie 
(ordinary light, X2). 
XJOCIV. Photomicrograph of D3 crinkles folding the 
main D2 foliation in a granite sheet at 
&alaohie 
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XXXV. An elongated pelite xenolith in rodded 
Inohbae granite at the Black Bridge 
(Isili 374708). 
XXXVI. D and D foliations in the vertical 
granite sheet at the waterfall 
(marked w on map V) in Garbh Alit. 
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XXXVII. D2 and D 3 structures in the amphibolites 












XXXVIII. Photomicrograph showing main foliation of 
amphibolite parallel to the axial surfaces 
of D2 reclined folds at locality shown in 
Plate xxxvii 
(ordinary light, X2). 
XXXIX. Amphibolite and a granite vein containing 
the main D2 foliation folded by D 3 mono-
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XL. Photomicrograph showing main D2 foliation 
of amphibolitea folded by D 3 crinkles on 
Carn chuinrieag 
(ordinary light, X2). 
XL. 
XLI. S in the Upper Pelite passing into the 
main foliation of granite sheets and veins, 
about LOO metres east of Salachie ruined croft. 
main foliation 
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XLII. Photomicrograph of typical 'Inchbae Rock' s  Corn Bhren. 








XLIII. Deformed current bedding in Upper Psammite 
on Creag na Ceapaich. 
XLIV. 	Ripple laminations in semi-politic 
Upper Polite in Abhuinn a' Choire Ehuig. 
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1V MO/N/AN STRA TIGRAPHY- EXPLANATION OF 
COLOURS OF MAPS I AND 
1cm m l000metres(m.) 
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. Locality and direction of young,ng as indicated 
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